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ABSTRACT 
V e r t e b r a t e t i s s u e c o n t a i n s t w o t y p e s of l e c t i n s , 
s o l u b l e b e t a - g a l a c t o s i d e b i n d i n g l e c t i n and membrane bound 
l e c t i n s w h i c h a r e e x p e c t e d l y s o l u b i l i z e d f r o m t i s s u e w i t h 
aqueous b u f f e r c o n t a i n i n g d e t e r g e n t and p l a y a r o l e in t h e 
c l e a r a n c e of p a r t i a l l y d e g r a d e d se rum g l y c o p r o t e i n s . A l t h o u g h 
t h e e x a c t f u n c t i o n of t h e s o l u b l e b e t a - g a l a c t o s i d e b i n d i n g 
l e c t i n f r o m mamma l i an t i s s u e r e m a i n s t o be i n v e s t i g a t e d , 
i t i s b e l i e v e d to be i n v o l v e d in d i f f e r e n t i a t i o n and t i s s u e 
o r g a n i T a t i o n . B o t h m e m b r a n e bound l e c t i n s and s o l u b l e 
b e t a - g a l a c t o s i d e b i n d i n g l e c t i n s h a v e been s t u d i e d and 
i s o l a t e d m a i n l y f r o m r a t and human t i s s u e s . F u r t h e r , 
a v a i l a b l e d a t a s h o w e d d i f f e r e n c e s i n t h e m o l e c u l a r and 
f u n c t i o n a l p r o p e r t i e s of t h e t w o c l a s s e s of l e c t i n s . Wo 
h a v e , t h e r e f o r e , s t u d i e d t h e p r o p e r t i e s o f m e m b r a n e bound 
as w e l l as s o l u b l e b e t a - g a l a c t o s i d e b i n d i n g l e c t i n s f r o m 
t h r e e h i t h e r t o u n i n v e s t i g a t e d s o u r c e s nt- i inely, sl icn-f), r].)t'it 
and b u f f a l o l i v e r . 
H e p a t i c membrane l e c t i n s w e r e i s o l a t e d f r o m ace tone 
p o w d e r of s h e e p , goat and b u f f a l o l i v e r b y a f f i n i t y 
c h r o m a t o g r a p h y on a s i a l o f e t u i n S e p h a r o s e - A B co lumn 
e q u i l i b r a t e d w i t h 10 mM t r i s - H C l b u f f e r pH 7 .5 c o n t a i n i n g 
:1 : 
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60 mM CaCl , 1 mM 2-mercaptoe thano l , 0.5 M NaCl, O.A 
M KCl , and 1% t r i t o n X-100. The bound p ro te in was eluted 
at low pH by 50 mM ammonium acetate buf fer pH 5.1 
containing 0.5 M NaCl and 0.5% t r i t o n X-100. The e luted 
f r a c t i o n s were ab le to i n t e r a c t s p e c i f i c a l l y w i t h a s i a l o -
fe tu in-Sepharose g e l . The f i n a l y i e l d s of the th roe so lub le 
lec t ins were 0 .93, 1.20 and 0.97 mg per 100 g of minced 
sheep, goat and buf fa lo l i v e r , r e s p e c t i v e l y . In each case, 
the p ro te in p repara t ion moved essen t ia l l y as s ingle major 
p ro te in band in sodium dodecy l su l fa te p o l y a c r y l a m i d e s lab 
gel e l e t r opho res i s w h i c h was per formed in 0.025 M t r i s - . 1 9 4 
M g l yc i ne bu f fe r pH 8.3 containing 0 .1% sodium dodecy l 
su l f a te . The r e l a t i v e m o b i l i t i e s of sheep, goat and buf fa lo 
l ec t i ns were 0 ,42 , 0.33 and 0.3A, r e s p e c t i v e l y , when 
compared w i t h R of marker p ro te i ns , y i e l d e d M of A2, 
5M and 50 kDa. The M values of the th ree lec t ins remain 
r 
unal tered in the presence of 0,2 M 2-mercaptoet t iano l , 
suggesting the absence of i n t e r - subun i t d i s u l f i d e bond. 
The th ree membrane bound lec t ins were found to 
be s ia log l ycop ro te ins containing 19, 27 and 39 moles of 
neut ra l hexoses per mole of p r o t e i n ; M of shoop, goat 
and buf fa lo lec t ins being 42, 54 and 50 kDa, r e s p e c t i v e l y . 
The cor responding f igures f o r s i a l i c ac id were 5, 9 and 
n , r e s p e c t i v e l y . Thus , the neut ra l hexose contents as 
: 3 : 
w e l l as s i a l i c ac id contents of the buf fa lo hepat ic membrane 
lec t i n were the h ighest among the t h r e e . 
The ca rbohyd ra te b ind ing s p e c i f i c i t y of sheep, goat 
and buf fa lo hepat ic membrane lec t ins was s tud ied by 
measuring the ef fect of spec i f i c sugars on the in te rac t ion 
of l ec t i n w i t h as ia lo fe tu in -Sepharose-ge l in 10 mM t r i s - H C l 
bu f fe r pH 7.5 containing 0.5 M NaCl, 0.5% t r i t o n X-100, 
60 mM CaCl_ and 0.^% BSA. The s p e c i f i c sugars used were 
D(+) lac tose, D(+)galactose, D(+) mannose, D(+) glucose 
and D( + ) fucose. While 50 mM each of fucose, glucose 
and mannose d i d not i n h i b i t the spec i f i c b ind ing of the 
lec t ins to a f f i n i t y gel to any de tec tab le extent , substnnt in l ly 
low concentrat ion of galactose and lactose were able to 
i n h i b i t b i n d i n g . The r e l a t i v e i n h i b i t o r y a c t i v i t i e s of 
lac tose, galactose, mannose, glucose and fucose fo r the 
b ind ing of sheep lec t i n to as ia lo fe tu in -Sepharose-ge l were 
found to be 1.0, 0 .7 , 0 . 0 1 , 0.01 and 0 .03 , r e s p e c t i v e l y . 
The r e l a t i v e i n h i b i t o r y a c t i v i t y was def ined as the 
concentrat ion of lactose requ i red to produce 50% i n h i b i t i o n 
of the b ind ing to cor responding concentrat ion fo r test sugar. 
The values of lactose requ i red to produce 50% i n h i b i t i o n 
of the b ind ing were 12, 15, and 15 mM, r e s p e c t i v e l y , f o r 
sheep, goat and buf fa lo l e c t i n s . The r e l a t i v e i n h i b i t o r y 
a c t i v i t y of these sugars fo r goat and buf fa lo hepat ic 
: 4 : 
membrane lec t ins were the same fo r ga lactose, lactose and 
fucose. These observa t ions suggest that the th ree membrane 
bound lec t ins from sheep, goat and bu f fa lo l i v e r are 
ga lac tose/ lac tose s p e c i f i c . 
Soluble be ta-ga lac tos ide b ind ing lec t ins were iso la ted 
from sheep, goat and buf fa lo l i v e r a f te r ex t rac t i on from 
acetone powder of l i v e r w i t h 10 mM t r i s - H C l buf fer pH 
7.5 containing 0.15 M NaCl, 5 mM CaCl_, 2 mM 2-mercap to -
ethanol and 0.2 mM PMSF. The lec t i n a c t i v i t y f rom both 
goat and buf fa lo l i v e r e x t r a c t s could be p r e c i p i t a t e d w i t h 
60% ammonium su l fa te ; 80% ammonium su l fa te was requ i red 
to p r e c i p i t a t e l ec t i n a c t i v i t y in case of sheep l i v e r . The 
th ree lec t ins were f u r t h e r p u r i f i e d by a f f i n i t y chromato-
g raphy on as ia lo fe tu in-Sepharose 4B column e q u i l i b r a t e d 
w i t h 10 mM t r i s - H C l bu f fe r pH 7.5 containing 0.15 M NaCl, 
5 mM CaCl and 2 mM 2-mercaptoethano l . The th ree 
p repara t ions of lec t ins moved essen t ia l l y as a s ingle 
coomassie s ta inab le p ro te in band in sodium dodecy l su l fa te 
p o l y a c r y l a m i d e s lab gel e l e c t r o p h o r e s i s , suggesting that 
the th ree l ec t i n p repara t ions are homogeneous w i t h respect 
to s i ze . The r e l a t i v e m o b i l i t i e s of sheep, goat and buf fa lo 
lec t ins were 0 . 7 1 , 0.63 and 0 .64 , r e s p e c t i v e l y , wh ich 
remained unal tered in the presence of 0.2 M 2-mercapto-
e thano l . The molecular we ights cor respond ing to these 
R values are 18, 22 and 24 kDa, r e s p e c t i v e l y , f o r sheep, 
goat and buf fa lo l e c t i n s . 
The th ree so lub le be ta-ga lac tos ide b ind ing lec t ins 
from sheep, goat and buf fa lo l i v e r were devo id of s i a l i c 
a c i d . The neut ra l hexose contents of the th ree so lub le 
beta-ga lac tos ide b ind ing lec t ins as determined by pheno l -
su l f u r i c ac id test were A, 4 and 7 moles per mole of 
p r o t e i n , r e s p e c t i v e l y , f o r sheep, goat and buf fa lo l e c t i n s . 
Thus, the buf fa lo so lub le l ec t i n possesses subs tan t i a l l y 
h igher neu t ra l hexose contents than those of goat and sheep 
so lub le lec t ins wh i ch have the same. 
The u l t r a v i o l e t absorp t ion spec t ra of the so lub le 
be ta-ga lac tos ide b ind ing l ec t i n f rom sheep, goat and buf fa lo 
l i v e r were measured in 10 mM t r i s - H C l bu f fe r pH 7.5 
containing 0.15 M NaCl, 5 mM CaCl„ and 1 mM 2-mercapto-
e thano l . Whi le goat and buf fa lo so lub le lec t ins absorbed 
max ima l l y at 278 nm, the maximum l i g h t absorp t ion fo r 
sheep so lub le l ec t i n occurred at 276 nm. The f luorescence 
exc i t a t i on and emission spec t ra of the th ree so lub le be ta -
ga lac tos ide b ind ing lec t ins were measured in the same buf fer 
at the p ro te in concentrat ion of 0.225 m g / m l . The exc i t a t i on 
maximum fo r the th ree lec t ins occurred at 278 nm. The 
corresponding f luorescence omission tTiaximum occurred at 
338, 340 and 340 nm, r e s p e c t i v e l y , fo r sheep, goat and 
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bu f fa lo l e c t i n s . These observa t ions showed that the th ree 
so lub le be ta-ga lac tos ide b ind ing lec t i ns must contain 
t r y p t o p h a n r e s i d u e ( s ) . 
The number of s u l f h y d r y l group in so lub le be ta-
ga lactos ide b ind ing lec t ins f rom sheep, goat and buf fa lo 
l i v e r were determined by t i t r a t i o n w i t h p a r a h y d r o x y -
mercur ibenzoate in 10 tiiM t r i s - H C l bu f fe r pH 7 .0 . From 
in f l ec t i on po in ts in the curve obta ined by p l o t t i n g increase 
in o p t i c a l dens i ty at 250 nm versus the ra t i o of the 
concentrat ion of pa rahyd roxymercu r ibenzoa te to that of 
p r o t e i n , the number of f ree s u l f h y d r y l g r o u p s were 
determined to be 3, 5 ad 5, r e s p e c t i v e l y , fo r sheep, goat 
and buf fa lo l e c t i n s . 
The th ree so lub le be ta -ga lac tos ide b ind ing lec t ins 
f rom sheep, goat and buf fa lo l i v e r were ab le to agglut inate 
t r y p s i n i z e d r a b b i t e r y t h r o c y t e s in 10 mM t r i s - H C l buf fer 
pH 7.5 containing 0.15 M NaCl, 5 mM CaCl and 1 mM 
2-mercaptoethano l . The r a b b i t e r y t h r o c y t e s were f i r s t 
t reated w i t h t r y p s i n in 10 mM sodium phosphate buf fer 
pH 7,5 containing 0.15 M NaCl (PBS). The t r y p s i n i z e d 
ce l l s were a l lowed to react w i t h the th ree so lub le be ta-
ga lac tos ide b ind ing l e c t i n s . The hemagglut inat ing a c t i v i t y 
was s tud ied by measuring the number of e r y t h r o c y t e s wh i ch 
remained unagglu t inated. The spec i f i c i n h i b i t i o n of 
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hemagglut inat ing a c t i v i t y by eleven sacchar ides in 10 mM 
t r i s - H C l bu f fe r pH 7.5 contain ing 0.15 M NaCI, 5 mM CaCl^ 
and 1 mM 2-mercaptoethanol was s tud ied by l i g h t sca t te r ing 
measurement at 610 nm. The sacchar ides used inc luded 
a l p h a - and be ta - lac tose , a l p h a - and beta-ga lac tose, m e t h y l -
a l p h a - and me thy l - be ta -D -ga lac topy ranos ide , 0 -n i t ropheny 1-
be ta -D-ga lac topy ranos ide , g lucose, fucose, mannose and 
f ruc tose . The r e l a t i v e i n h i b i t o r y a c t i v i t i e s of g lucose, 
mannose, fucose and f ruc tose were found to bo i n s i g n i f i c a n t l y 
l ow. Both a lpha and beta lactose were equa l l y e f f ec t i ve 
in i n h i b i t i n g the hemagglut inat ing a c t i v i t y of the th roe 
so lub le be ta-ga lac tos ide b ind ing l e c t i n s . The r e l a t i v e 
a c t i v i t y of latose was cons ide rab ly h igher than galactose 
and i t s d e r i v a t i v e s . Both a lpha and beta galactose 
possessed some r e l a t i v e i n h i b i t o r y a c t v i t i e s wh i ch were 
s i m i l a r to the r e l a t i v e i n h i b i t o r y a c t i v i t y of vnethy 1-beta-D-
galactopyranosjde. However, the r e l a t i v e i n h i b i t o r y a c t i v i t y 
of o -n i t r opheny l - be ta -D -ga lac topy ranos ide was subs tan t i a l l y 
higher than those of a lpha and beta galactose as w e l l as 
methyl-alpha-D and m e t h y l - b e t a - D - g a l a c t o p y r a n o s i d e . I t 
was lower than that of lac tose. These resu l t s suggested 
that th ree lec t ins are spec i f i c f o r lactose recogniz ing i t s 
galactose moe i t y . The observa t ion that o - n i t r o p h e n y l - b e t a -
D-ga lactopyranos ide was more e f f ec t i ve than galactose and 
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i t s o ther d e r i v a t i v e s suggested the involvement of the 
h y d r o p h o b i c in te rac t ion dur ing sacchar ide b ind ing to the 
th ree so lub le be ta-ga lac tos ide b ind ing l e c t i n s . 
The ef fect of metal sa l ts such ns calcium c h l o r i d e , 
magnesium c h l o r i d e , manganese c h l o r i d e , n i c k e l c h l o r i d e 
and s t ron t ium acetate on the hemagglut inat ing a c t i v i t y of 
the th ree so lub le be ta-ga lac tos ide b ind ing lec t ins from 
sheep, goat and buf fa lo l i v e r was s tud ied in 10 mM t r i s - H C l 
bu f fe r pH 7.5 containing 0.15 NaCl and 1 mM 2-mercapto-
e thano l . The increasing concentrat ion of metal ion s t imula ted 
the hemagglut inat ing a c t i v i t y of the three lec t ins and 
maximum a t ta inab le hemagglut inat ing a c t i v i t y was almost 
the same regard less of the metal i o n . However, the ef fect 
of manganese c h l o r i d e , s t ron t ium acetate and n i c k e l c h l o r i d e 
on the sheep so lub le l ec t i n could not be s tud ied because 
the l ec t i n showed absolute requi rement of 2-mercaptoethnnol 
fo r i t s hemagglut inat ing a c t i v i t y un l i ke the goat and buf fa lo 
so lub le be ta-ga lac tos ide b ind ing lec t ins wh ich were able 
to show hemagglut inat ing a c t i v i t y even in the absence of 
the t h i o l compound. The concentrat ion of calc ium c h l o r i d e 
requ i red fo r s t imu la t ion of l ec t i n a c t i v i t y of goat and 
buf fa lo lec t ins was s i g n i f i c a n t l y smal le r than the concent ra-
t ions of o ther metal ions. 
The ef fet of t h i o l b lock ing reagents such as 
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parahyd roxymercu r i benzoa te , iodoacetamide and N - o t h y l -
male imide on the hemagglut inat ing a c t i v i t y of the th ree 
so lub le beta-ga lac tos ide b ind ing lec t ins was s tud ied in 
10 mM t r i s - H C l buf fer pH 7.5 containing 0.15 NaCl and 
0.1 mM 2-mercaptoethano l . Whi le p a r a h y d r o x y m e r c u r i -
benzoate r a p i d l y i nac t i va ted the th ree so lub le l e c t i n s , 
iodoacetamide had no ef fect on t h e i r a c t i v i t i e s . N - e t h y l -
male imide caused subs tan t ia l but gradual decrease in 
hemagglut inat ing a c t i v i t y of the th ree so lub le be ta-
ga lactos ide b ind ing l ec t i ns . I t seems that func t iona l l y 
impor tant s u l f h y d r y l groups in the th ree lec t i ns are most 
eas i l y access ib le to N-e thy lma le im ide but are r e a d i l y 
a v a i l a b l e to react w i t h more h y d r o p h o b i c reagent i . e . pa ra -
hyd roxymercu r i benzoa te . Un l ike rat lung solut^lo bc^ta-
ga lac tos ide b ind ing l e c t i n , sheep, goat and buf fa lo hop,it if 
so lub le lec t ins were not ac t i va ted by the treatment w i t h 
iodoacetamide. 
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g a l a c t o s i d e b i n d i n g l e c t i n . 
5A. E f f e c t of t h i o l b l o c k i n g r e a g e n t s on t h e 1A8 
h e m a g g l u t i n a t i n g a c t i v i t y o f s h e e p h e p a t i c 
s o l u b l e b e t a - g a l a c t o s i d e b i n d i n g l e c t i n . 
5 5 . E f f e c t of t h i o l b l o c k i n g r e a g e n t s on t h e l A.9 
h e m a g g l u t i n a t i n g a c t i v i t y of goat h e p a t i c 
s o l u b l e b e t a - g a l a c t o s i d e b i n d i n g l e c t i n . 
5 5 . E f f e c t of t h i o l b l o c k i n g r e a g e n t s on t h e 150 
h e m a g g l u t i n a t i n g a c t i v i t y o f b u f f a l o h e p a t i c 
s o l u b l e b e t a - g a l a c t o s i d e b i n d i n g l e c t i n . 
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History and occurrence: 
The s to ry of l ec t i n s t a r t s f rom the work of S t i l l m a r k 
w h i c h he d i d f o r h i s doc to ra l t hes i s in 1881. He p a r t i a l l y 
iso la ted l ec t i n f rom castor bean wh i ch he ca l led r i c i n . 
He tested ef fect of r i c i n on red blood ce i l s of d i f f e r e n t 
animals and observed agglu t inat ion of e r y t h r o c y t e s upon 
add i t i on of r i c i n . F u r t h e r , red blood ce l l s of d i f f e r e n t 
animals were found to react w i t h r i c i n d i f f e r e n t l y 
( S t i l l m a r k , 1888). S im i l a r behav iour was observed by 
S t i l l m a r k f rom the seed p ro te i n of Cro t in t i g l i um ( S t i l l m a r k 
1889). He demonstrated that r i c i n caused agglu t inat ion 
of l i v e r , leukocyte and e p i t h e l i a l c e l l s ( S t i l l m a r k , 1888). 
Later on, a l ec t i n was iso la ted f rom ex t rac t of Ahrus 
p reca to r ius seeds ( L i n et a l . , 1 9 7 i ; H e l l i n , 1891', S t i l l m a r k , 
1889). The o r i g i n a l observa t ion of S t i l l m a r k on agglu t inat ion 
of var ious k inds of c e l l s of d i f f e r e n t animals was f u r t h e r 
demonstrated by o thers (Kobe r t , 1913; M ichae l i s and 
Ste indof f , 1907; E l f s t r a n d , 1898). Another hemagglut in in 
was i d e n t i f i e d in lotus seed e x t r a c t in 1913 (Kober t , 1913). 
A f te r the d i scove ry of e r y t h r o a g g l u t i n i n p r o p e r t y f rom 
plant e x t r a c t , E l f s t rand (1897) in t roduced the term 
hemagglut in in f o r p lant l e c t i n s . E h r l i c h (1891a) used abrus 
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and r i c i n in the s tudy of immunology. Landste iner s ta r ted 
h i s s tud ies on lec t ins in 1901. He a longwi th h i s coworkers 
d i scove red severa l nontoxic lec t ins in the seeds of p lants 
of Fabaceae and Leguminoceae (Landste iner and Raub i tsechck , 
1907). Several agg lu t in ins were i d e n t i f i e d as p r o t e i n s . 
A c c o r d i n g l y , they were nond ia l yzab le , t h e r m o l a b i l e and 
gave p o s i t i v e b i u r e t t es t ; in a d d i t i o n , they could be sa l ted 
out and were inso lub le in a lcoho l (Landste iner and 
Raubi tsechck, 1907). S t r i k i n g l y , Landste iner (1901) 
demonstrated tha t the in te rac t ion of r i c i n and a b r i n w i t h 
red blood c e l l i s r e v e r s i b l e . He also observed tha t l ec t i n 
at tached to e r y t h r o c y t e s can be d issoc ia ted by heat ing 
at 50°C. Fo l lowing systemat ic s tud ies of Landste iner and 
h i s cowo rke rs , severa l new d i scove r i es of nontoxic p lant 
hemagglut in ins were made in the f i r s t decade of t h i s century 
(Schneider , 1912; Assmann, 1911; Suga, 1910; Lenze, 1909), 
Besides p lant seeds, the lect ins were also observed in the 
ex t r ac t of var ious pa r t s of p lant such as potato tubers 
(Marcussonbegun, 1926), m i l k y sap of p lants (Von E i s le r 
and Von P o r t h i e n , 1912) e t c . Ford (1907) demonstrated 
agg lu t in in in the mushroom (Amanita muscar ia ) . Bac te r ia l 
agg lu t in in was f i r s t i d e n t i f i e d by F i she r in 19A8 and v i r a l 
agg lu t in in was recognized by H i r s t (1941) . 
Hemagglut inins were a lso demonstrated in i n v e r t e b r a t e 
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animals such as horse shoe c rab (L imulus po l yphenus ) , 
american lobs te r (Homarus american) (Noguch i , 1903). 
Ver tebra te lec t ins were recognized in snake venum as ear l y 
as in 1886 ( M i c h e l l and S teward , 1887; M i c h e l l and 
Re iche r t , 1886). 
In the second decade of t h i s cen tu ry , Sumner and 
h i s col leagues ex t rac ted jack bean l e c t i n , ca l led concanaval in 
A (Sumner and Graham, 1925). Systemat ic s tud ies in the 
l abo ra to ry of Boyd demonstrated the s p e c i f i c b lood t ype 
a c t i v i t i e s f rom p lant seed ex t r ac t in t he l a te f o r t i e s (Boyd 
and Reguera, 1949; Boyd , 19A7). Nowel l (1960) made an 
impor tant observa t ion tha t l ec t ins are mitogens fo r 
nond i v i d ing l y m p h o c y t e s . Aub and h i s co l l abo ra to rs (1963) 
found tha t normal and t ransformed ce l l s react d i f f e r e n t i a l l y 
w i t h l e c t i n s . Two t ypes of ve r teb ra te l ec t i ns were found 
in Angu i l la japon ica (Barondes, 1986) . One recognizes 
ABO blood group system whereas another shows h igher 
a c t i v i t y towards 0 blood group e r y t h r o c y t e . S i m i l a r l y , 
severa l agglut in ins were recognized in snake venom w i t h 
d i f f e r e n t s p e c i f i c i t i e s (Du ja r r i c de la R ievere et a I . , 1 9 5 A ) . 
Lect ins were e a r l i e r ca l led phy tagg lu t i n ine because 
they were d e r i v e d f rom p lant source. However, t h i s does 
not cover lec t ins f rom sources such as v e r t e b r a t e , 
i n v e r t e b r a t e , bac te r ia and f u n g i . The word " l e c t i n " was, 
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f i r s t of a l l , introduced by Boyd in 1954 (Boyd and 
Shapleigh, 195A). I t is derived from the Latin word lectus 
vvhich is past par t ic ip le of legre, meaning to choose, to 
pick up or to select. This def ini t ion is pr imar i ly based 
on the antibody l i ke speci f ic i ty of lec t in . Later on, terms 
such as normal and natural antibody, antibody l i ke prote in, 
receptor specif ic protein were suggested but could not get 
wider acceptance (Gold and Phelps, 1972). By second 
half of 19th century the word " lec t in " replaced the term 
phytohemagglutinin. However, the term phytohemagglutinin 
abbreviated as PHA is now in use for mitogenic lectin from 
kidney beans (Phaseolus vu lgar is ) . According to Goldstein 
(1980), lectin is defined as "a carbohydrate binding protein 
(or glycoprotein) of nonimmune origin which possesses 
ab i l i t y to agglutinate cel ls and/or precipitates glyco-
conjugates. 
Function: 
The exact function of lectin is yet to be worked 
out. The paucity of the information on the plant lectin 
is very acute in th is aspect. I t is found that the plant 
lectins are implicated in the specif ic interaction of 
rhizobium bacteria wi th legumes (Lis and Sharon, 1986; 
Dazzo, 1981; Dazzo and B r i l l , 1978; Hamblin and Kent, 
1973). They are l i k e l y i nvo l ved to p ro tec t the p lants 
against o f fens ive agents such as funga l , b a c t e r i a l and v i r a l 
pathogens ( L i s and Sharon, 1986; A l len and Newberger , 
1973; Lotan and Sharon, 1973). M i c r o b i a l l ec t i ns may p lay 
a ro le in in fec t ion by mediat ing b a c t e r i a l adherence to 
e p i t h e l i a l c e l l s of u r i na r y and gas t ro in tes t i na l t r ac ts (L iener 
et a l . , 1 9 8 6 ; Hegberg, 1983; Beachey, 1980). Hegberg (1983) 
demonstrated tha t the ev idence of u r i na r y t r ac t in fec t ion 
decrease s i gn i f i can t l y by s p e c i f i c sugar tha t i n h i b i t b ind ing 
of bac te r ia to e p i t h e l i a l c e l l s in v i t r o ( Iwah i et a l . , 1 9 8 3 ; 
Fader and Dav is , 1980). The c e l l sur face l ec t i n of 
act inomyce is imp l i ca ted in the b a c t e r i a l in fec t ion of o ra l 
c a v i t y by b ind ing s t rep tococc i to e p i t h e l i a l c e l l s (C isar 
et a l . , 1 9 8 5 ) . In the s l ime mo lds , the endogenous lec t ins 
funct ion to promote c e l l substratum attachment and o rdered 
c e l l m igra t ion dur ing morphogenesis (Spr inger et a l . , 1 9 8 4 ) . 
Ver tebra tes possess two t ypes of l e c t i n s , one is 
membrane bound and the o ther i s so lub le . The membrane 
lec t ins are i nvo l ved in the catabol ism of p a r t i a l l y degraded 
g l ycop ro te ins containing te rm ina l galactose or N - a c e t y l -
galactosamine res idue ( B r e i t f e l d et a l . , 1985; Schwar tz , 
198A; S tocke r t , 1983; Geuze et a l . , 1 9 8 2 ; Steer and 
C la renberg , 1979). The mammalian hepat ic membrane lec t in 
is ga lac tose/N-acety lga lac tosamine spec i f i c but on av ian 
hepatocyte sur face the membrane lec t i n is mannose/N-acety l -
glucosamine spec i f i c (Kawasaki and A s h w e l l , 1977). They 
are i nvo l ved in the clearance of g l ycop ro te ins w i t h te rm ina l 
mannose or N-acety lg lucosamine (Regoeczi et a l . , 1 9 7 5 ) . 
The l ec t i n spec i f i c fo r mannose-6-phosphate is be l ieved 
to be imp l i ca ted in the ta rge t ing of h y d r o l y t i c enzymes 
to lysozomes (Sahagian, 1984). The membrane lec t ins have 
been also found to p lay a ro le in the exocy tos is of 
endocytosed g l ycop ro te ins (Regoeczi et a l . , 1 9 8 2 ; Connolly 
et a l . , 1 9 8 2 ; Tol leshaug et a l . , 1 9 8 1 ) . 
Phys io log i ca l r o l e of so lub le be ta-ga lac tos ide b ind ing 
lec t ins i s yet to be i n v e s t i g a t e d . A v a i l a b l e data ind ica te 
tha t many so lub le l ec t i ns are deve lopmenta l l y regulated 
(Jouber t et a l . , 1 9 8 8 ; Gabius et a l . , 1 9 8 7 ; C le rch et a l . , 1 9 8 7 ; 
Cerra et a l , , 1 9 8 5 ) . Thus, the ch icken lactose l e c t i n - I 
and I I are deve lopmenta l l y regulated in a number of 
deve lop ing t i ssues . For example , C L L - I is the charac -
t e r i s t i c of embryonic muscle but dec l ines in adul t w h i l e 
C L L - I I is r e l a t i v e l y more abundant in embryon ic k idney 
than adu l t one ( D i d i e r et a l . , 1 9 8 8 ; Barondes, 1986; Bayer 
and Barondes, 1982b). S i m i l a r l y , the l e v e l of the th ree 
rat lung lec t ins wh i ch are so lub le and galactose spec i f i c 
marked ly depends on the development of the t issue (Cerra 
et a l . , 1985,8A). In a d d i t i o n , the re are ind ica t ions that 
the so lub le lec t ins p lay a ro le in c e l l - c e l l in te rac t ions 
(Lotan and Raz, 1988; Gabius et a l , l985 ; Barondes and Haywood-
Re id ,1981) . 
Mammalian hepatic membrane lectin (asialoglycoprotein 
receptor ) : 
L i v e r is the main t issue ac t i ve in ca tabo l ism of 
serum g l ycop ro te ins (Ashwe l l and H a r f o r d , 1982; Hudgin 
et a l . ,197A; Ashwe l l and M o r e l l , 1974; More l l et a l , , 1972). 
Severa l l ines of evidence suggested tha t t h i s catabo l ism 
is mediated by c e l l surface recep to rs (Schepper -Sch la fe r 
et a l . , 1986; Geuze et a l . , 1 9 8 1 ; Hubbard et a l . , 1 9 7 9 ; Steer 
and C la renberg , 1979; More l l and A s h w e l l , 1972). F i r s t , 
i t was found that d e s i a l y l a t i o n of serum g l ycop ro te i n such 
as ceru lop lasmin caused subs tan t ia l reduc t ion in i t s s u r v i v a l 
t ime in the c i r cu l a t i on (More l l and A s h w e l l , 1972; More l l 
et a l . , 1 9 6 8 ) . Des ia l y la t i on resu l ted in the exposure of 
galactose res idue of serum g l ycop ro te in wh ich is s p e c i f i c a l l y 
recognised by hepat ic receptors (More l l and Sche inberg , 
1972; More l l et a l . , 1 9 7 1 ; P r i c e r and A s h w e l l , 1971; Hickman 
et a l . , 1 9 7 0 ) . Receptors recogniz ing o the r sugars such as 
fucose (Lehrman and H i l l , 1983), mannose/N-acetylglucosamine 
(Mizuno et a l . , 1981) and phosphomannosyl contain ing 
p ro te ins (F i scher et a l ,1980) have been also i d e n t i f i e d 
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on l i v e r c e l l s . Of these recep to r s , galactose spec i f i c 
recep to r , ca l led as ia log l ycopro te in recep to r , rece ived w ide 
a t tent ion (Herz ig and Weigel , 1989; D r i ckamer , 1988; Lee 
and Lee, 1988; Halberg et a l . , 1 9 8 7 ; Lee and Lee, 1986; 
Hardy et a l . , 1985; Schwartz et a l . , 1 9 8 2 ) . 
Galactose spec i f i c receptor on r a b b i t hepatocyte 
sur face was sys temat i ca l l y inves t iga ted in the l abo ra to ry 
of Ashwe l l (Kawasaki and A s h w e l l , 1976; Hudgin et a l . , 1 9 7 4 ; 
Ashwe l l and M o r e l l , 197A). They found tha t as i a l og l yco -
p ro te i n receptor was located in the membrane and that 
i t s c a r b o h y d r a t e b ind ing a c t i v i t y showed pH opt imum of 
pH 7 .8 ; in a d d i t i o n i t a lso showed absolute requi rement 
of Ca^"^ (Hudgin et a l . ,197A; More l l and A s h w e l l , 1972). 
The hepat ic surface possesses 4-6x10 receptors per c e l l 
wh i ch a re randomly arranged cover ing the e n t i r e c e l l sur face 
(Geuze et a l . , 1 9 8 3 ; Warren and Doy le , 1981; Weigel , 1980a). 
Weigel and Oka (1983) demonstrated tha t content and 
d i s t r i b u t i o n of these recep to rs on hepatocyte sur face is 
modulated by the state of c e l l and exposure of the receptor 
to l igand (Hardy et a l . , 1 9 8 5 ; Ashwe l l and H a r f o r d , 1982; 
Warren and Doy le , 1981). 
Besides r a b b i t hepa tocy te , the as ia log l ycop ro te in 
receptors have been shown to occur on rat and hiimnn 
hepatocyte surface (Warren and Doy le , 1981; Schwartz et 
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al.,1981a; Weigel, 1980b; Baenziger and Maynard, 1980; 
Baenziger and Fiete, 1980; i anabe et a l . , 1979). The 
rat hepatocyte receptor has been studied extensively (Herzig 
and Weigel,1989; Halberg et al . ,1987; Drickamer et al . ,1984; 
Geuze et a l . ,1982) . 
Transmembrane nature: 
The asialoglycoprotein receptor is a transmembrane 
protein (Chiacchia and Drickamer, 1984; Harford and 
Ashwel l , 1981). The orientation is shown in Fig. 1. 
Several lines of evidence support th is orientation of the 
receptor (Spiess and Lodish, 1986; Schwartz, 1984; Schwartz 
and Rup, 1983; Nakada et a l . , 1981). Other transmembrane 
proteins possess opposite orientation (N out/C in orientation) 
(Lingappa et a l . ,1978) . The membrane proteins which 
possess orientation simi lar to asialoglycoprotein receptor 
include influenza virus neuraminidase (Fields et a l . ,1981) , 
t ransferr in receptors (Schneider et al.,1984) and y chain 
of class I I h istocompat ib i l i ty complex (Strubin et a l . ,1984) . 
Alongwith a number of proteins, asialoglycoprotein receptor 
contains internal signal sequence (Hsueh et a l . ,1986; Holland 
et al . ,1984; Holland and Drickamer, 1986). 
Isolation: 





F i g . l : Schematic representation 
membrane lect in . 
of orientation of hepatic 
:11 
: 1 2 : 
aff inity chromatography using spec i f i c l igands such as 
sacchar ides (Halberg et a l . , 1 9 8 7 ; Hsueh et a l , , 1986 ) and 
g l ycop ro te ins (Baenziger and Maynard , 1980; Schwartz et 
a l . , 1980; Tanabe et a l . , 1 9 7 9 ; Kawasaki and Ashwe l l , 1976 ; 
Hudgin et a l . , 1 9 7 4 ) . The g l ycop ro te i n l igands that have 
been used in the p repa ra t i on of a f f i n i t y media w i t h 
Sepharose - AB are asia loorosomucoid (Tanabe et a l . , 1 9 7 9 ; 
Hudgin et a l . ,197A) and as ia lo fe tu in (Warren and Doy le , 1981; 
Baenziger and Maynard , 1980). The receptor bound to 
the a f f i n i t y column has been usua l ly e lu ted w i t h non-spec i f i c 
ac i d i c buf fer such as ammonium acetate bu f fe r pH 5.1 
(Baenziger and Maynard , 1980; Tanabe et a l . , 1 9 7 9 ; Hudgin 
et a l . , 1 9 7 4 ) . 
Molecular proper t ies : 
Among the hepat ic as ia log l ycop ro te in recep to rs f rom 
r a b b i t , rat and human, ra t l i v e r receptor has been 
ex tens i ve l y inves t iga ted (Herz ig and Weigel , 1989; Halberg 
et a l . , 1 9 8 7 ; Schwartz et a l . , 1982; Baenziger and Maynard , 
1980). However, the f i r s t as ia log l ycop ro te in receptor wh ich 
was iso la ted by a f f i n i t y chromatography on as ia l o -
orosomucoid-Sepharose - 4B column was f rom r a b b i t l i v e r 
(Kawasaki and A s h w e l l , 1976; Hudgin et a l . , 1 9 7 4 ) . Ashwe l l 
and h is coworkers made systemat ic s tudies on r a b b i t l i v e r 
receptor. The aff ini ty puri f ied receptor moved in the 
form of two bands in SDS-PAGE corresponding to molecular 
weight of AO and 48 kDa. The rabbi t l iver receptor is 
a hexamer containing two heavy and four l ight chains 
(Barondes, 1986; Anderson et a l . , 1 9 8 2 ; Kawasaki and 
Ashwel l , 1976). Schwartz et a l . (1981b) puri f ied hepatic 
membrane lectin from rat by aff ini ty chromatography. 
Analysis of the purif ied receptor (membrane lectin) by 
SDS-PAGE showed four species having molecular weight 
of 40, 55, 65 and 100-120 kDa (Schwartz et a l . , 1 9 8 1 b , 
Barondes, 1986). The 40 kDa receptor is present in h ighest 
amount. Peptide mapping showed that the receptor w i t h 
M 40, 55 and 65 kDa are s imi lar . Further, c e l l sur face 
iodination reveals that rat receptors (M 55 and 65) are 
cel l surface components and might be the ac t i ve forms 
(Halberg et a l . , 1 9 8 7 ) . These receptors on d imer i za t i on 
give rise to 100-120 kDa species (Barondes, 1986). Later 
on, Harford and Ashwell (1981) found that 40, 55 and 65 
kDa species are immunologically re lated. At tempt was 
made to get information of molecular state of rat l i v e r 
lectin on intact membrane. The molecular weight of the 
receptor was found to be 104 kDa (Steer et a l . , 1 9 8 1 ) . 
Detailed studies on rat l i ve r receptor showed that the 
predominant form containing 283 amino ac id res idues had 
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a molecular weight of A1.5 kDa; the molecular weights of 
the two minor forms (RHL-I and RHL-2) were respectively 
49 and 54 kDa (Drickamer et a l . , 1984). 
A molecular weihgt of 32 kDa was computed from amino 
acid sequence of RHL-1 (Drickamer et a l . , 1984). Cross 
l inking experiments have shown that RHL-1, RHL-2 and RHL-3 
exist as hexamer (Herzig and Weigel, 1989; Halberg et a l . , 
1987). The molecular weight of detergent solubi l ized RHL-1 
is found to be 264 kDa (Drickamer, 1988; Halberg et a l , , 
1987; Loeb and Drickamer, 1987) and each subunit possesses 
two carbohydrate binding sites (Lee and Lee, 1988). Avai lable 
evidences have shown that RHL-1, RHL-2 and RHL-3 do not 
associate to form oligomers. In fact , RHL-1, RHL-2 and 
RHL-3 associate to form homooligomers (Halberg et a l . , 1987). 
The human hepatic lectin isolated by af f in i ty chromatography 
possesses molecular weight of 41 kDa and is quite s imi lar 
in i ts molecular propert ies to that of the mojor rat hepatic 
membrane lect in , RHL-1 (Baenziger and Maynard, 1980). 
By using two dimensional electrophoresis, Warren and 
Doyle (1981) demonstrated that the major rat l i ve r lectin 
(RHL-1) contains isoelectric point of pH 5.75 whi le the minor 
rat l i ve r lectins (RHL-2 and RHL-3) possess isoelectr ic point 
of pH 4,5 and 4.5, respect ively. 
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Metal ion requirement: 
Mammalian hepat ic membrane recep to rs r equ i r e calc ium 
ion f o r t h e i r c a r b o h y d r a t e b ind ing a c t i v i t y (Ha lbe rg , 1987; 
McPhaul and Berg, 1986; Barondes, 1986; Dr ickamer et a l . , 
198A; Blomhoff et a l . , 1982; Hudgin et a l . , 1 9 7 A ) . Rabbi t 
l i v e r receptor contains 3.3 calc ium ion per p o l y p e p t i d e 
chain (Anderson et a l . , 1 9 8 2 ) . Calcium b ind ing to receptor 
resu l ts in aggregation leading to a decrease in the p ro te in 
i n t r i n s i c f luorescence. A d i ssoc ia t i on constant fo r the 
p ro te in -ca l c ium complex has been ca lcu la ted in the range 
2-A mM (Anderson et a l . , 1 9 8 2 ; A s h w e l U and H a r f o r d , 1982). 
Rat and human hepat ic receptor a lso e x h i b i t calc ium 
dependent sugar b ind ing a c t i v i t y (Hanazaki , 1986; Blomhoff 
et a l . , 1982; Baenziger and Maynard , 1980; Tanabe et a l . , 
1979). A v a i l a b l e data have shown tha t calc ium ion could 
be rep laced by o ther d i v a l e n t metal ions such as magnesium 
and manganese ions (Hudgin et a l . , 1 9 7 4 ) . 
Carboh yd rat* content: 
Mammalian hepat ic membrane lec t ins are s i a l o g l y c o -
p ro te in in nature (Halberg et a l . , 1 9 8 7 ; Dr ickamer et a l . , 
1984; Baenziger and Maynard , 1980; Kawasaki and A s h w e l l , 
1976; Rayland et a l . , 1 9 7 4 ) . The c a r b o h y d r a t e detected 
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in the receptor included mannose, galactose, N-acetyl-
galactosamine, glucosamine, polylactosamine and sial ic acid 
(Halberg et al . ,1987; Baenziger and Maynard, 1980; Ray land 
et a l . , 1974). The sial ic acid contents of asialoglycoprotein 
receptors is found in the range 5%-9% and the i r neutral 
hexose contents determined by chemical and enzymatic 
methods, l ie in the range 16%-17%. The minor form of 
rat hepatic receptor (RHL-3) possesses polylactosamine 
side chain but the major (RHL-1) and minor (RHL-2) rat 
receptors do not contain such sugar chains (Halberg et 
a l . ,1987) . Further studies have shown that human and 
rabbi t l i ve r receptors possess 0-l inked N-acetylgalactosamine 
moeities whi le i t is not present in rat hepatic receptors 
( Halberg et a l . , 1987; Baenziger and Maynard, 1980; 
Rayland et al . ,197A). The removal of carbohydrate moeities 
of receptor by enzymatic or chemical method had no effect 
on carbohydrate binding ac t iv i ty of the receptor. These 
observations indicated that the carbohydrate moeities of 
the asialoglycoprotein receptor are not required for their 
biological ac t iv i ty (Hsueh et al . ,1986; Holland et al . ,198A). 
Amino acid composition: 
The major rat hepatic membrane lect in (RHL-1) 
consists of 28A amino acid residues which are arranged 
TABLE - I 
Amino acid composition of the major rat hepatic 
membrane lectin (RHL-1) 
Amino a c i d 
A s x 
T h r 
Ser 
G lx 
T y r 
C y s 
Met 
A l a 





T r p 
G l y 
L y s 
A r g 













































a Dr ickamer et a l . (1984) 
b Halberg et a l . ( 1 9 8 7 ) . 
•17 . 
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in a s ing le pep t i de chain w i t h cova len t l y bound c a r b o h y d r a t e 
moei t ies (Halberg et a l . , 1 9 8 7 ) . The amino ac id composi t ion 
of the major ra t receptor has been determined by chemical 
ana lys is (Dr ickamer et a l . ,198A) as w e l l as deduced f rom 
cDNA sequence (Halberg et a l . , 1 9 8 7 ) . The complete amino 
ac id composi t ion of RHL-1 is g iven in Table I . As can 
be seen tha t the amino ac id composi t ion deduced f rom cDNA 
ana lys is is the same as obta ined by d i r e c t amino ac id 
a n a l y s i s . The number of basic amino ac id res idues ( A r g , 
His and Lys) are AO and a c i d i c amino ac id res idues (Glu 
and Asp) are 38 but t he re are 6.2 s i a l i c ac id res idues 
in l e c t i n . Thus, t h i s composi t ion i s consistent w i t h ac id i c 
behav iour of the recep to r . The to ta l h y d r o p h o b i c amino 
ac id res idues are 101 wh i ch form about 36% of the to ta l 
amino a c i d s . The number of T r p , Phe and T y r are 1 , 
10 and 7, r e s p e c t i v e l y . There are 10 cys te ine res idues 
wh i ch are not i nvo l ved in the fo rmat ion of i n te r - subun i t 
d i s u l f i d e b o n d ( s ) . 
Amino acid sequence: 
The amino ac id sequence of the major ra t receptor 
(RHL-1) deduced f rom cDNA is g iven in F i g , 2 . The 
N- termina l amino ac id res idue i s meth ionine wh ich d i f f e r s 
f rom e a r l i e r f i n d i n g where ser ine was found to be N- te rmina l 
F i g . 2 : Amino acid sequence of the major rat hepat ic membrane 
lectin (RHL-1) deduced from cDNA (Ha lbe rg , et 
a l . , 1987). 
61 70 8C^ 
61 90 100 ) 
101 
^i3)(®<@)<g)<g>@x 
161 170 180 
181 190 200 
201 210 220 
221 230 2i,0 
2i] 250 260 
261 270 280 
281 
*.2o: 
res idue (Dr ickamer et a l . , 1 9 8 A ) . The C- te rmina l amino 
ac id res idue is asparagine (Halberg et a i . , 1 9 8 7 ) . The 
d i s t r i b u t i o n of ac id i c and basic amino ac id res idues is 
shown in F i g . 3 . I t can be seen that m a j o r i t y of charged 
amino ac id res idues are found in four regions Asp3—Arg39, 
Glu83—Glu139, Lys173—Arg193 and His20A—Arg281 . The 
d i s t r i b u t i o n of h y d r o p h o b i c and h y d r o p h i l i c amino ac id 
res idues is g r a p h i c a l l y shown in F i g . h. I t can bo seen 
in Fig ^ that the segment cor respond ing to aminoacid res idues 
54-68 contains s ign i f i can t number of h y d r o p h o b i c amino 
ac id res idues that would ind ica te membrane spanning a b i l i t y 
of the recep to r . In COOH-terminal p o r t i o n , the h y d r o p h o b i c 
amino ac id res idues are randomly d i s t r i b u t e d . The sec^uence 
data shows th ree d i s t i n c t regions or domains in the major 
ra t as ia logly copro te in receptor (See F i g . 5 ) . These inc lude 
a shor t h y d r o p h o b i c domain at cy top lasmic s i te of the 
c e l l cor respond ingto Met 1-A.rg39, a 26 amino ac id long i n te rna l 
s ignal sequences cor responding to LeuAO—Leu66 and the 
t h i r d ex t racy top lasm ic domain wh i ch compr ises of 219 amino 
ac id res idues cor respond ing to Arg67—A5p284 (Halberg et 
a l . , 1 9 8 7 ) . Later contains three c a r b o h y d r a t e moei t ies of 
the receptor and in te rac ts w i t h spec i f i c ca rbohyd ra tes 
(see F i g . 5 ) . The o v e r a l l p r i m a r y s t ruc tu re of RHL-1 
is s i m i l a r to ch icken hepat ic l ec t i n where i t has been 
Fig.3: Distr ibut ion of acidic (Glu _L and Asp_J_ ) and basic 
(Lys T , Arg T and His f ) amino acid residues along 
the amino acid sequence of the major rat hepatic membrane 
lectin (RHL-1) deduced from cDNA (Halberg et a l . ,1987) . 
;21 
20 ^0 60 80 100 120 1^ 0 160 
180 200 220 24 0 260 280 
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ic ( _L Fig .4 : Distr ibut ion of hydrophob   _L ) and hydroph i l i c 
( ~ r ) amino acid residues along the amino acid 
sequence of the major rat hepatic membrane lectin 
(RHL-1) deduced from cDNA (Halberg et a l . ,1987} . 
:22: 
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shown that amino terminal portion is located at cytoplasmic 
s i te ; the uncharged amino acid residues extend across the 
membrane. The external carboxy terminal domain contains 
the carbohydrate binding s i te . By analogy, the COOH— 
terminal portion of RHL-1 w i l l also serve as carbohydrate 
binding domain. Interest ingly, RHL-1 and chicken hepatic 
membrane lectin have d iss imi lar cytoplasmic domain. In 
contrast, the COOH-terminal domains in RHL-1 and CHL 
show considerable sequence homology (about 30%) (Drickamer 
et al.,198A; Kawasaki and Ashwel l , 1977). However, as 
chicken and rat l i ve r lectins possess nonidentical binding 
spec i f ic i t ies , the sequence homology in COOH-terminal portion 
is unclear to us. 
Subsequent studies on the minor rat l i ve r lectins 
(RHL-2/3) demonstrated that RHL-2 and 3 d i f fer in the 
structure of three oligosaccharide moeities and possess 
the identical polypeptide chains. Further, RHL-2/3 are 
homologous to RHL-1 throughout i ts length but 18 amino 
acid insertion takes place near the NH -terminal region 
(Halberg et a l . ,1987) . Like RHL-1 , the COOH-terminal regions 
of RHL-2/3 contain three potential sites for N-linked 
glycosylation (see Fig. 5) whi le the inserted sequence 
possesses one serine (Ser 28) which is potential site for 
phosphorylation (Halberg et al . ,1987; McPaul and Berg, 
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Fig.5 : Schematic representation of the major rat hepatic 
membrane lect in (RHL-1) showing positions of di f ferent 




A comparison of amino ac id sequence of the major rat 
receptor (RHL-1) w i t h human hepat ic recep to rs ( H H L - 1 , 
HHL-2) as w e l l as minor rat hepat ic receptors (RHL-2/3) 
revea l regions of ex tens ive homologies. The homology 
is more pronounced in the ca rboxy t e rm ina l region w h i c h 
has sugar b ind ing s i t e (Halberg et a l . , 1 9 8 7 ; Spiess and 
L o d i s h , 1985). In con t ras t , HHL-1 and RHL-2/3 contain 
56% sequence homology. F u r t h e r , sequence data have shown 
that minor ra t (RHL-2/3) and human (HHL-2) hepat ic 
receptors have ex tens ive homology (about 67%). Recent ly , 
an unusual sequence homology has been observed between 
the amino ac id sequence of human receptor f o r IgE and 
mammalian hepat ic as ia log l ycop ro te in recep to rs ( R H L - 1 , 
HHL-1 ) . Such unexpected sequence homology is ve ry 
prominent (about 35%) in the COOH-terminal po r t i on wh ich 
has ca rbohyd ra te b ind ing s i t e or l igand b ind ing domain 
( I ku ta et a l . , 1 9 8 7 ) . These resu l ts may suggest that Fc^ 
and animal as ia log l ycopro te in receptors have been evo lved 
f rom common ancest ra l genome. 
Gene structure: 
I so la t ion of cDNA clone fo r RHL-1 has made i t 















F i g . 6 : S t ruc ture of gene of the major ra t hepat ic membrane lec t in 
(RHL-1 ) . The a r rows i nd i ca te s ing le base d i f fe rences against 
cDNA sequence at pos i t ions 2112(a) , 2311(b) and 3346(c ) . 
:26: 
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receptor (Leung et a l . ,1985) . I ts analysis reveals that 
gene is made up of nine exons which are separated by 
eight introns (see Fig. 6 ) . The introns vary in length 
from 70 to 1086 bases. The f i r s t exon encodes 5' 
untranslated region of the mRNA whereas the second encodes 
most of the cytoplasmic NH„-terminal domain of receptor 
polypept ide. The t h i r d exon corresponds to the 
hydrophobic transmembrane portion of the receptor. The 
extra cel lular part of the receptor polypeptide is encoded 
by f i ve separate exons (see Fig. 6 ) . The receptor can 
be readi ly cleaved by protease to y ie ld a ligand binding 
domain which consists of the COOH-terminal 150 amino acid 
residues (Drickamer et al . ,198A). The proteolyt ic fragment 
of RHL-1 corresponds to exons 7,8 and 9. There is no 
apparent correlation between the other introns and functional 
boundaries wi th in the polypept ide. Although each of 
cytoplasmic NH_-terminal portion and the transmembrane 
region are encoded by separate exons, there is no intron 
located exactly at the domain boundary (see Fig. 6 ) . Further, 
analysis of RHL-1 gene reveals that at 5' end of the gene, 
there are two sequences (TTTAT and ATTA) which form 
the promotor s i tes. A sequence of 70 alternating purine 
and pyr imidine residues is also found near promotor sites 
which are supposed to form Z-DNA and might be implicated 
:28 : 
in ce r ta in con t ro l func t ions . Comparison of cDNA and gene 
sequence revea ls t h ree s ing le base d i f fe rences at pos i t ions 
2112, 2311 and 3346 in a d d i t i o n to i n t r o n . The a l te ra t i ons 
at 2311 and 3346 are not s ign i f i can t but t h i r d d i s c r i p a n c y 
at pos i t ion 2112 changes the amino a c i d , encoded at t h i s 
pos i t i on f rom arg in ine to g lutamine (codon changes from 
CGA to CAA). Th i s assignment is in accord w i t h the f i nd ing 
of Dr ickamer et a l . (1984) on the p ro te in sequence. These 
resu l ts have shown that the h y d r o p h o b i c s t re t ch is bounded 
by arg in ine res idue at both ends (Ho l l and , et a l . , 1 9 8 4 ) . 
In add i t i on to v e r i f i c a t i o n of cDNA sequence, the gene 
ana lys is revea ls tha t the re is a stop codon near the bases 
w h i c h encode N H - i n i t i a t o r methionine res idue . The presence 
of t h i s stop codon shows that t he re cannot be an N — 
te rm ina l pep t i de extension preced ing t h i s meth ionine res idue 
and ru les out p o s s i b i l i t y of N- te rmina l s igna l sequence. 
Carbohydrate binding spec i f ic i ty : 
In o rde r to de f ine the strucfU^'dt requ i rements fo r 
b ind ing of the sacchar ide to r ecep to r , hapten i n h i b i t i o n 
technique has been e x p l o i t e d (Lee, et a l . , 1982; Baenziger 
and Maynard , 1980; S towel l et a l . , 1 9 8 0 ; Kranz et a l . , 1 9 7 6 ; 
Hudgin, et a l . , 1 9 7 4 ; Ashwe l l and M o r e l l , 1974). Sarkar 
et a l . (1979) , f i r s t , s tud ied the c a r b o h y d r a t e b ind ing s i t e 
;29: 
of rabbit l i ve r asialoglycoprotein receptor using binding 
protein immobilized on Sepharose. These studies showed 
that the carbohydrate binding site of rabbit l i ve r receptor 
is re lat ive ly small and the axial hydroxy l group at C-A 
carbon atom of galactose is especially required for 
receptor-l igand interact ion. Further, investigation indicated 
that beside axial hyd roxy l group at C-A, equi tor ia l hy roxy l 
groups at C-2 and C-3 carbon atom as wel l as methylene 
group at C-6 carbon atom of galactose residue also 
part ic ipate in the binding (Lee and Lee, 1987,1986; Lee 
et al.,198A; Lee, 1982; Stowell et a l . ,1980) . Methyl -
glycosides of N-acetylgalactosamine are more potent inh ib i tor 
1 25 of I-asialoorosomucoid-lectin interact ion. These studies 
suggested that nonspecific hydrophobic interaction occurs 
between the glycoside and lectin binding site (Steer and 
Ashwel l , 1980; Baenziger and Fiete, 1980; Sarkar et a l . , 
1979; Stockert et a l . ,197A). Several lines of evidence 
showed that active site region accommodating C-6 carbon 
atom of galactose is spacious since a galactose residue 
in which hydroxy l group was replaced by a monosaccharide 
was able to interact wi th receptor. When a phosphate 
group was introduced at C-6 carbon atom of galactose, the 
binding sugar was m a r k e d l y reduced suggesting the presence 
of one or more negatively charged residues on the binding 
;30: 
site of receptor (Lee, 1982; Lee et a l . ,1982,84). The 
presence of negative charge(s) is presumably responsible 
for the inab i l i t y of the receptor to interact wi th sialylated 
serum glycoprotein. Addit ional structural parameters of 
the glycoside determinant capable of influencing binding 
have been investigated using neoglycoprotein approach 
(Ashwell and Harford, 1982; Lee et al . ,1982; Stowell et 
a l . , 1980; Sarkar, et a l . ,1979) . Interaction of glycoside 
is generally strong due to the presence of alpha rather 
than beta linkage to a sub-terminal sugar. Moreover, a 
beta 1 —•S linkage to sub-terminal N-acetylglucosamine 
is a better ligand than a beta 1—>• 4 l inkage. 
Interaction with polysaccharides and glycoproteins: 
Interaction of asialoglycoprotein receptor wi th 
polysaccharides and glycoproteins is more complex than 
wi th mono or disaccharides. Connolly et al.(1980) used 
synthetic glycoside containing cluster of either galactosyl 
or lactosyl residues. These studies showed that t r i s and 
bis glycosides are superior to the monoglycosides for 
125 inhib i t ion of I-asialoorosomucoid — receptor interaction 
(Hardy et al , ,1985; Lee et a l . ,1982; Baenziger and Maynard, 
1980). The inh ib i tory potency of the oligosaccharide was 
expectedly in the order tetraantenary > triantenary> 
;31 : 
biantenary > monoantenary. The inh ib i to ry power of te t ra-
antenary was 1x10 fold greater than that of monoantenary 
ligand (Lee et a l . ,1983) . S imi lar ly , the neoglycoproteins 
containing three sugars per si te were more effect ive 
inh ib i tors of receptor-l igand interaction than those wi th 
two sugars per si te (Ashwell and Harford, 1982). In 
addi t ion, a number of desialylated serum glycoproteins 
have been shown to interact wi th asialoglycoprotein 
receptors (see Table I I ) . The spectrum of av id i t ies for 
binding of serum glycoproteins is bounded by asialo-
orosomucoid (highest a f f in i ty ) and asialotransferr in (lowest 
a f f i n i t y ) . Inspection of carbohydrate content and 
architecture of these ligands showed that orosomucoid 
contains f i ve branched carbohydrate units that are 
asymmetrically arranged on polypeptide near the amino 
terminal region and t ransferr in contains only two biantenary 
type oligosaccharides (Ashwell and Harford, 1982; Jeanloz 
et al . ,1972; Jasmieson et a l . ,1971) . Baenziger and Maynard 
(1980) investigated the effect of number as well as 
arrangement of galactosyl residues in the proteins, 
polypeptides and saccharides. These studies showed that 
the galactose and N-acetylgalactosamine residues attr ibute 
optimal binding i f they are arranged 25-30 A° apart from 
each other. However, reinvestigation of binding parameters 
TABLE - I I 
The serum g l y c o p r o t e i n s w h i c h a r e suscept ib le t o c l e a r a n c e 
v i a a s i a l o g l y c o p r o t e i n r e c e p t o r s 
P r o t e i n F u n c t i o n Re fe rence 
1 . E r y t h r o p o i e t i n 
2 . F o l l i c l e s t i m u l a -
t i n g h o r m o n e 
3 . Human c h r o i n i c 
g o n a t o t r o p h i n 
A. I n t e r f e r o n 
5 . C e r u l o p l a s m i n 
6 . H e m o p e x i n 
7 . T h y r o g l o b u l i n 
8 . T h r o x i n b i n d i n g 
g l o b u l i n 
9 . T r a n s c o b a l a m i n e 
10. T r a n s c o r t i n 
1 1 , T r a n s f e r r i n 
NAodulator of c e l l -
u la r responses 
- d o -
- d o -
-do -
13. Hepatoglobin 
1A. 0 < ^ - M a c r o g l o b i n 
15. F e t u i n 
16. G l y c o p h o r i n 
17 . Orosomuco id 
18 . P r o t h r o m b i n 
- d o -
-do -
G o l d w a s s e r e t a l . , 
1974 
M o r e l l e t a l . , 
1971 
- d o -
Bocc i et a l . , 
1977; Bose and 
H i c k m a n , 1975. 
C a r r i e r p r o t e i n 
o f S T B I I m o l e c u l e s 
- d o -
- d o -
- d o -
- d o -
- d o -
- d o -
M o r e l 1 e t a l 
1968 
Convey et a l . , 
1975 
T a t u m i et a l . , 
1979 
M o r e l l et a l . , 
1971 
B u r g e r , et a l . , 
1975 
V a n - B a e l e n and 
M a n n a e r t s , 197^ 
Ho t ton et a l . , 
1974 
12 . © ^ . - a n t i t r y p s i n P r o t e i n c o m p l e x M i l l e r et a l 
B l o o d c l o t t i n g 
1976; Can, 1979 




H i l d e n b r a n d t and 
A n d e r s o n , 1979 
M o r e l l e t a l . , 1971 
N e l s e s t u e n and 
S u t t i e 1971 
:33; 
ind ica ted tha t Gal-Gal of 15 A° produced near ly 100 f o l d 
more i n h i b i t o r y potency than those w i t h the d is tance of 
25 A° (Lee et a l . , 1 9 8 3 ; Ashwe l l and H a r f o r d , 1982). Th i s 
fact i s f u r t h e r suppor ted by the f i n d i n g tha t increasing 
amount of galactose added to subs t ra ta cause subs tan t ia l 
enhancement in the b ind ing of receptor to l igand (Baenziger 
and Maynard , 1980). A c r i t i c a l dens i t y of the sugar 
res idues is requ i red f o r a p p r o p r i a t e spacing of the 
sacchar ide in g l y c o p r o t e i n . 
Interaction with ce l l surface: 
The as ia log l ycop ro te in recep to rs in te rac t w i t h var ious 
ce l l s in so lu t ion and agglut inate them to form large c lump. 
Stocker t et a l . (1974) observed tha t r a b b i t l i v e r receptor 
can agglut inate des i a l y l a t ed human, r a b b i t , r a t , mouse and 
guinea p ig e r y t h r o c y t e s . Later on, i t was found that 
r a b b i t hepat ic l ec t i n can agglut inate A group e r y t h r o c y t e s 
of human ABO blood system more s t rong ly than 0 or B group 
e r y t h r o c y t e s (Lunney and A s h w e l l , 1976). Besides 
e r y t hocy te$ as ia log l ycop ro te in receptor b inds l ymphocy tes 
(Novodsky et a l . , 1 9 7 7 ) . Recep to r - l ymphocy te in te rac t ion 
leads to m i tos is d i v i s i o n . 
:3A: 
Mammalian soluble beta-galactoside binding lect in: 
The so lub le l e c t i n , f o r the f i r s t t i m e , was iso la ted 
f rom the e l e c t r i c organ of e l e c t r i c eel (Te ichberg et a l . , 
1975). Later on, i t was i so la ted f rom severa l mammalian 
t issues inc lud ing human hear t ( C h i l d and F e i z i , 1979), 
muscles ( F r a n k l i n et a l . , 1980; C h i l d and F e i z i , 1979) 
as w e l l as r a b b i t bone marrow (Har r i son et a l . , 1 9 8 A ) . 
The so lub le be ta-ga lac tos ide b ind ing lec t ins have also been 
iso la ted f rom rat t issues i n d u i n g lung , l i v e r , muscles, 
uterus and b ra in (C le rch et a l . , 1 9 8 8 ; Whi tney , et a l . , 1 9 8 5 ; 
Cerra et a l . , 1 9 8 4 , 8 5 ; P o w e l l , 1980), bov ine hear t and 
b ra in (Caron et a l . , 1987; Southan et a l . , 1 9 8 7 ) , p ig k idney 
(Mastsumoto et a l . , 1 9 8 6 ) , p ig sp leen , lamp spleen (A l len 
et a l . , 1 9 8 7 ) . Besides mammalian t i ssues , the so lub le l ec t i n 
has been also recognized in av ian such as ch icken l i v e r 
(Den and Ma l inzak , 1981; Bayer and Barondaes, 1982a; Nowak 
et a l . , 1 9 7 7 ) , and in amphib ians (F inke de Cabut t i et a l , , 
1987; Bols et a l . , 1986 ) and r e p t i l e s (Gartner and Og i l v i e , 
198A). Three major t ypes of l ec t ins h a \ o been recognized 
in lungs of ra t and human. 
Isolation : 
In genera l , so lub le be ta-ga lac tos ide b ind ing lec t ins 
have been iso la ted by a f f i n i t y chromatography on a s i a l o -
f e t u i n - or lac tosy l -Sepharose AB column. F i r s t , the f r e s h 
;35: 
animal tissue is solubi l ized wi th phosphate buffered saline 
containing 2 mM mercaptoethanol and 0.3 M competing sugar 
(galactose or lactose). The acetone powder prepared from 
animal tissue has been rarely used to extract lectin (Roos 
et a l . ,1985) . Then lectin is isolated from crude extract 
by ammonium sulfate fractionation followed by af f in i ty 
chromatography. The bound protein is eluted wi th lactose. 
The lect in ac t iv i ty was measured by hemagglutination using 
fresh rabbi t and human erythrocytes treated wi th t ryps in 
or neuraminidase (RODS et al . ,1985; Harrison et al.,1984-, 
Barondes, 198A). Mult ip le forms of lectin have been 
isolated from human and rat lung by ion exchange 
chromatography on DEAE cellulose or Sephadex column 
followed by chromatography on CM-Sephadex column (Sparrow 
et al . ,1987; Cerra et al.,1985) in the presence of protease 
inh ib i tors to minimize the proteolyt ic degradation of lect in . 
Physicochemical properties: 
Molecular weights of soluble beta-galactoside binding 
lectins from mammalian tissues have been determined 
pr imar i ly by SDS-PAGE and gel f i l t e ra t ion . The results 
obtained on lectin from dif ferent tissues of human, bovine, 
rabb i t , rat lung and calf heart are summarized in Table 
I I I and IV. As can be seen in Table I I I the predominant 
TABLE - I I I 
Molecular propert ies of mammalian soluble 
B-galactoside binding lectins 
Source 
Human lung 
- d o -


































































Sparrow at p i . , 
1987 
- d o -
- d o -
H i rabayash i et a l . , 
1987 
C h i l d and F e i z i , 
1979 
Harr ison et a l . , 
1984 
- d o -
- d o -
- d o -
Southan et a l . , 
1987 
Caron et a l . , 
1987 
Cerra et a l . , 
1984 




human lung lect in is a dimer wi th subunit M^ of 14 kDa. 
Other lectins whih are present in human lung, have 
molecular weight of 22 and 29 kDa. Most of the mammalian 
soluble beta-galactoside binding lectins l is ted in Table 
I I I appear to have subunit molecular weight very close 
to 1A kDa. The molecular weight of rabbi t lung lectin 
is signif icant ly lower. 
Detailed study of soluble beta-galactoside binding 
lectins from dif ferent tissues of rat have been made and 
the results showed that the major rat lect in has subunit 
molecular weight of 14.5 kDa (see Table IV ) . In l i ve r 
the other two lectins have molecular weight of 18 and 29 
kDa. The later two lectins have been also studied in 
other rat tissues such as lung, heart, muscle (see Table 
IV ) . 
Other physical propert ies of the major rat lung 
soluble beta-galactoside binding lect in wi th subunit molecular 
weight 14.5 kDa (RL-14.5) are summarized in Table V. 
The lect in (RL-14.5) contains two subunit of molecular 
weight of 14.5 kDa which are l inked together by noncovalent 
interactions; no subunit d isu l f ide bond was detected (Clerch 
et a l . ,1988) . The molecular weight as calculated by amino 
acid analysis was 15.5 kDa which was 1% higher than that 
determined by SDS-PAGE. 
TABLE - IV 
Molecular propert ies of rat soluble 
B-galactoside binding lect in 
Source 
I m m a t u r e l u n g 
- d o -
- d o -
I m m a t u r e L i v e r 
- d o -
- d o -
I m m a t u r e h e a r t 
- d o -
- d o -
T y p e 
of 




I m m a t u r e m u s c l e 3 
- d o -
- d o -
A d u l t l ung 
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TABLE - V 
Physico-chemical properties of the major rat lung 
soluble B-galactoside binding lectin 
Proper t y Value 
1 . Molecular we igh t , kDa, 
a . E q u i l i b r i u m sedimentat ion 
b. SDS-PAGE 
c. Gel f i l t r a t i o n 
d . Amino ac id ana lys is 
26.0 (d imer ) 
14.5 (monomer) 
26.0 (d imer ) 
15.5 (monomer) 
2. P a r t i a l spec i f i c vo lume, 
(ml /g l ) 
3. Sedimentation coef f i c ien t 
(^20°,w ) 
4 . F r i c t i o n a l coe f f i c ien t 
0.73 
2.A8S 
5.34 X 10 -8 
5. F r i c t i o n a l r a t i o ( f / f 
6. I soe lec t r i c po in t ( p i ) 
1.38 
5.5 
* C le rch et a l . , (1988) 
139; 
:A0: 
In the isoelectric focusing experiment, 90% of rat 
lung lectin moved wi th isoelectr ic point (p i ) of pH 5.5. 
However, a faint band wi th p i of pH 5.5 was observed 
(Clerch et al.1988). I t is interesting that on aging the 
band wi th p i of pH 5.3 became more prominent and one 
or two bands wi th more p i observed (Clerch et al .1988). 
Whether the major band at pH 5.5 and minor one at pH 
5.3 were the product of two dif ferent genes or i t was due 
to the post-translational modification s t i l l remains to be 
resolved. Sparrow et al.(1987) observed mult iple bands 
after isoelectric focusing of human lung lectin (RL-14) of 
s imi lar speci f ic i ty and molecular propert ies. This micro-
heterogeneity may also arise from no time dependent 
modif icat ion. 
From sedimentation coefficient of 2.48 and par t ia l 
specif ic volume of 0.73 ml /g , Clerch et a l . (1988) calculated 
—8 
a f r ic t ional coefficient of 5.3A x 10 which is substantial ly 
_o 
lower than that (3.86 x 10 ) calculated for nonhydrated 
sphere of molecular weight of 29.8 kDa. The f r ic t iona l 
rat io ( f / f ) was calculated to be 1.38 assuming hydration 
of 0.20 g per gram of protein. The rat io of f r i c t ion 
coefficient ( f / f ) comes out to be 1.27 which corresponds 
to an axia l rat io of 5 : 1 . This would suggest that major 
dimeric beta-galactoside binding lectin exist in nonglobular 
:A1 
conformat ion. A l t e r n a t i v e l y , the d i m e r i c ra t lung l ec t i n 
may contain f l e x i b l e region between g lobu la r domain of 
the t y p e seen in immunoglobul in t y p e G. However, lack 
of i n te rna l sequence homology in the ra t lung l ec t i n exc lude 
the second exp lana t i on . The hyd rodynamic resu l t s of Clench 
et a l . , ( 1 9 8 8 ) showed tha t ra t lung l ec t i n d imer e x i s t as 
elongated e l l i p s o i d under na t i ve cond i t i ons , 10 mM t r i s~HCl 
bu f fe r pH 7.2 containing 150 mM NaCl and 1 mM EDTA. 
Amino acid composition: 
Amino ac id composi t ions of so lub le be ta-ga lac tos ide 
b ind ing lec t ins obta ined f rom d i f f e r e n t t issues of severa l 
mammalian species are s i m i l a r i f not i d e n t i c a l (C le rch et 
a l . , 1 9 8 8 ; Sparrow et a l . , 1 9 8 7 ; Caron et a l . , 1 9 8 7 ; Cerra 
et a l . , 1 9 8 5 ; Cr i t tenden et a l . , 1 9 8 4 ; B a r a k - B r i l e s et a l . , 
1979). The amino ac id composi t ion of the major rat lung 
so lub le be ta-ga lac tos ide b ind ing l ec t i n w i t h M of 14 kDa 
determined by chemica l ana lys is as w e l l as deduced f rom 
i t s nuc leot ide sequence is g iven in Table V I . As can 
be seen that amino ac id composi t ion deduced by cDNA 
ana lys is is the same as obta ined by d i r e c t amino ac id 
a n a l y s i s . The rat lung so lub le be ta-ga lac tos ide b ind ing 
l ec t i n contains 1 T r p , I T y r and 10 Phe res idues . The 
t o ta l number of Glu and Asp ac id res idues comes out to 
TABLE - VI 
Amino acid composition of the major rat soluble 
B-galactoside binding lectin (RL-1A) 
Amino ac id 
Asx 
T h r 
Ser 
G lx 
T r o 
G ly 
A l a 





T y r 
Phe 
H i s 
L y s 
A r g 




ana l y s i s * 
22.1 
6 . 5 
A.5 
11.1 
6 . 7 
9 . 6 
11 .7 
6 .1 






3 . 0 



























Clerch et a l . , (1988) 
:A2: 
:A3: 
be 18 w h i c h i s s i g n i f i c a n t l y h ighe r than the to ta l number 
(16) of basic amino ac id res idues ( H i s , Lys and A r g ) . 
For every 19 amino ac id res idues in the l ec t i n t he re is 
one p ro l i ne res idue . Thus , as judged by amino ac id 
compos i t i on , ra t lung so lub le be ta-ga lac tos ide b ind ing l ec t i n 
w i l l have i s o e l e c t r i c point in the a c i d i c pH range. The 
exper imen ta l value of i soe lec t r i c point as determined by 
i soe lec t r i c focusing is c lose to 5.3 (C le rch et a l . , 1 9 8 8 ) . 
Amino acid sequence: 
Amino ac id sequence of the major rat lung so lub le 
be ta-ga lac tos ide b ind ing l ec t i n as deduced f rom ana lys is 
of cDNA is g iven in F i g . 7. The NH„ - te rm ina l res idun 
is N-acety la ted alanine as demonstrated by fast atom 
bombardment mass spec t rophotomet ry (C le rch et a l . , 1988 ) 
w h i l e COOH-terminal res idue is g lu tamic a c i d . The 
d i s t r i b u t i o n of ac id i c and basic amino ac id res idues in 
the p o l y p e p t i d e chain is g r a p h i c a l l y shown in F i g . 8. 
Residues 6A and 65 are p r o x i m a l aspa r t i c a c i d . The ac id i c 
( G I U and Asp) and basic (H i s , Lys and Arg) res idues appear 
to be randomly d i s t r i b u t e d along the p o l y p e p t i d e c h a i n . 
A close inspect ion of sequence would revea l lack of i n te rna l 
homology and s t r e t c h of h y d r o p h o b i c amino a c i d s . Thus, 
the l ec t i n seems to lack s ignal sequence. These resu l ts 
Fig .7 : Amino acid sequence of rat lung soluble beta-galactoside 
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:A6: 
suggest that the rat lung soluble beta-galactoside binding 
lectin is intracel lu lar and i t is not bound to membrane. 
Further, the sequence data also indicate the absence of 
any domain structure of the type seen in proteins such 
as immunoglobulin G (Burton, 1985). 
Secondary structure: 
Using empir ical procedures of Chou and Fasman 
(1978), Clerch et al.(1988) calculated the secondary 
structure in the major rat lung soluble beta-galactoside 
binding lec t in . Data analysis showed that the lectin 
contained 27% alpha he l i x , 22% beta sheet, 28% beta turn 
and 23% random coi l (Clerch, et a l . ,1988) . The functionally 
important cysteine residues are not involved in the formation 
of alpha hel ix and beta turn . However, cys-60 and cys-88 
form a part of beta sheet. 
Sequence homology: 
Comparison of amino acid sequence of rat lung lectin 
wi th those of lectins from chicken skin (Ohyama et a l . , 
1986), bovine heart (Southan et a l . ,1987) , human lung, 
human hepatoma clone-1, human hepatoma clone-2 (Gitt and 
Barondes, 1986) and human placenta (Hirabayashi et a l . , 
1987) showed considerable sequence homology among these 
:47: 
lectins (Clerch et a l . , 1 9 8 8 ) . Thus, human lung l ec t i n 
showed 81% sequence homology with rat lung lect in . The 
corresponding sequence homology for human p lacenta l ec t i n 
was 87% chicken skin lectin and bovine heart l ec t i n also 
possesses sequence homologous to the sequence of rat lung 
lect in . The sequence homologies for these two lec t ins 
are 57% and iTL 
A carbohydrate binding protein-35 (CBP-35) has 
been identif ied in the nuclii of cultured mouse 313 
f ibroblast (Moustsatsos et a l . , 1 9 8 6 ) . The complete 
nucleotide sequence of i ts cDNA clone has been pub l i shed 
(Jia and Wang, 1988). The protein behaves as a galactose 
specific lect in . I ts amino acid sequence ind ica tes the 
presence of two domains, respect ively , in NH - t e r m i n a l 
portion and COOH-terminal portion. The COOH-terminal 
domain contains a sequence which is homologous to so lub le 
beta-galactoside specific lectins isolated from rat lung, 
bovine heart, chicken skin , human lung, human hepatoma 
clone-1 and 2 and electr ic eel (Jia and Wang, 1988). On 
the other hand NH--terminal possesses sequence homology 
with human heteronuclear ribonucleoprotein (hnRNP) and 
glycine r ich protein of hnRNP of Artemia salina (GRP-35). 
These results suggested the possibi l i ty that the lec t ins 
have bifunctional propert ies. 
:A8: 
Carbohydrate binding specificity: 
Carbohydrate binding speci f ic i ty of soluble beta-
galactoside binding lectin has been studied by investigating 
the effect of specif ic sugars on the hemagglutinating ac t iv i ty 
or on the binding of lectin to a f f in i ty ge l . Avai lable data 
showed that lactose is more potent inh ib i to r than free 
galactose (Leff ler and Barondes, 1986; Sparrow et al . ,1987; 
Caron et a l . ,1987). The crucial hydroxy l group which 
contribute to i ts binding by lec t in , include axial-OH at 
C-4 carbon atom, and equitorial-OH at C-3 carbon atom 
of glucose in the lectose (Leff ler and Barondes, 1986). 
In lactose modification at position C-2 and r-3 carbon atom 
of galactose and C-1 and C-6 carbon atom of glucose had 
no effect on i ts inh ib i to ry potential (Sparrow et a l . ,1987) . 
In addi t ion, the substitution of N-acetyl group at position 
C-2 carbon atom of glucose in lactose contributes to the 
binding (see Fig. 9 ) . I t is the beta anomeric form of 
galactose which is recognized by the lec t in . The soluble 
beta-galactoside binding lectin interacts more strongly wi th 
oligosaccharides which constitute N-linked glycoproteins 
than those of 0-l inked glycoproteins. 
Thiol group requirement: 
Rat lung soluble beta-galactoside binding lectin 
Fig .9 : Schematic representation of carbohydrate binding region 
(—) of the soluble beta-g-Tlactoside binding lect in and 
the crucial hydroxy l groups in the preferred conformation 
of N-acetyllactosamine. The broken lino shows the binding 
site for acetamide group on C-2 carbon atom of glucose 
in N-acetyllactosamine which contributes signif icantly to 
i ts interaction wi th lec t in . 
:A9: 
:50: 
require exogenous th io l for i ts hemagglutinating ac t iv i ty 
(Barondes, 198A). The cysteine residues in rat lung lectin 
(RL-1A) are cys-2, 16, 42, 60, 88 and 130. Comparison 
of serum vertebrate lectins described above showed that 
cys-2 and cyb-60 are more conserved than other residues 
(Clerch et al.,1988) and may have functional ro le. lodo-
acetamide rapid ly reacts wi th cys-2 and cys-60 resulting 
in small increase in lectin ac t i v i t y (Whitney et a l . ,1986) . 
Reaction of iodoacetamide wi th cys-16 and cys-80 is slow 
(Clerch et a l . ,1988) . During oxidat ive inactivation of 
rat lung lec t in , formation of in t radisul f ide bond(s) is 
accompanied by major conformational changes of the lec t in . 
The disrupt ion of the secondary structure leads to formation 
of inactive conformation. 
From the review of the exist ing l i terature presented 
above on the mammalian hepatic membrane lect in , i t seems 
that the lectin from dif ferent animals may d i f fe r s ign i -
f icant ly in the i r chemical and molecular propert ies. In 
fact , hepatic membrane lect in obtained from the same tissue 
may exh ib i t mult iple ac t i v i t i es . Whether or not the hepatic 
membrane lectins exh ib i t species dependent difference in 
the i r molecular and functional propert ies is s t i l l an open 
question. Studies on hepatic membrane lect in from a number 
of mammalian l i ve r may provide requisi te information for 
:51 : 
th is purpose. However, unfortunately the studies on hepatic 
membrane lect in carr ied out thus far are pr imar i l y confined 
to lectins from rabb i t , rat and human l i ve r and the possible 
occurrence of the lect in in other mammalian l i ve r and their 
physico-chemical characterization are yet to be attempted. 
With th is purpose of mind, we, therefore, have investigated 
the membrane lectin from sheep, goat and buffalo l i v e r . 
Likewise, soluble beta-galactoside binding lect in 
obtained from mammalian lung has been studied in detai l 
and very l i t t l e information exists on such lect in from other 
mammalian tissues. In addi t ion, the soluble beta-galactoside 
binding lectin obtained from mammalian lung showed species 
dependent differences. The soluble lectin from human lung 
consists of two polypeptide chains. We, therefore, thought 
worthwhi le to investigate soluble beta-galactoside binding 
lectins from sheep, goat and buffalo l i v e r . The results 
presented in th is thesis have provided an addit ional 
evidence for the existence of species dependent difference 
in mammalian l i ve r lec t in . 
EXPERIMENTAL 
A M a t e r i a l s : 
1 . P r o t e i n s : 
B o v i n e s e r u m a l b u m i n ( L o t No . 1 0 0 F - 0 2 A 9 ) , o v a l b u m i n 
( L o t N o . 1 0 5 C - 8 0 2 2 ) , c h y m o t r y p s i n o g e n ( L o t No . 4 0 F - 8 0 5 0 ) , 
c y t o c h r o m e ^ ( L o t N o . 0 9 C - 0 0 8 8 ) , t r y p s i n ( L o t N o . 1 - 2 3 9 5 ) , 
n e u r a m i n i d a s e ( L o t N o . 9 6 C - 8 1 2 5 ) , f e t u i n ( L o t N o . 6 3 F - 9 5 5 5 ) , 
and p e p s i n ( L o t N o . 6 0 F - 8 0 5 6 ) w e r e p u r c h a s e d f r o m Sigma 
C h e m i c a l C o m p a n y , S t . L o u i s , M o . , U . S . A . 
2 . Sugars : 
D( + ) g l u c o s e , D( + ) mannose , D( + ) l a c t o s e , D( + ) 
f r u c t o s e w e r e o b t a i n e d f r o m BDH B o m b a y , I n d i a . D( + ) 
g a l a c t o s e was p u r c h a s e d f r o m S a r a b h a i M . C h e m i c a l s , 
B a r o d a , I n d i a . Fucose ( L o t N o . 3 1 F - 0 6 0 0 ) , m e t h y l - a l p h a - D -
g a l a c t o p y r a n o s i d e ( L o t No . 7 4 F - 5 6 1 1 ) , m e t h y l - b e t a - D -
g a l a c t o p y r a n o s i d e ( L o t N o . 7 A F - 5 6 1 1 ) , o - n i t r o p h e n y l - b e t a - D -
g a l a c t o p y r a n o s i d e ( L o t N o . 8 5 F - 5 0 3 6 ) w e r e o b t a i n e d f r o m 
Sigma C h e m i c a l C o m p a n y , S t . L o u i s , M o . , U . S . A . 
: 5 2 : 
:53: 
3 . Reagents used in sodium dodecyl sulfate polyacrylamide 
gel electrophoresis: 
Reagents used in sodium dodecy l su l fa t p o l y a c r y l a m i d e 
gel e l ec t ropho res i s w i t h t h e i r source in parentheses were 
ac ry l am ide and ammonium su l fa te (E Merk Dranstadt , 
Germany) , sodium dodecy l su l fa te (BDH Bombay, I n d i a ) , 
me thy leneb isac ry lamide (Reanal Budapset, Hungary ) , N, 
N, N ' , N ' - t e t r ae thy lme thy l ened iam ine (Fe rak , B e r l i n , West 
Germany) , bromophenol b lue and dichloromc ' hy Is i lane (BDH, 
Poole, Eng land) , t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e (Lot 
No. T1378), coomassie b r i l l i a n t b lue R-250 (Lot No. B-0630) 
(Sigma Chemical Company, S t . L o u i s , M o . , U . S . A . ) , 
g lycero l methanol and ch lo ro fo rm (BDH, Bombay, I n d i a ) . 
4 . Reagents used in isolation of hepatic lect ins: 
T r i t o n X-100 (Lot No. 84F-1088) , p h e n y l m e t h y l 
s u l f o n y l f l u o r i d e (Lot No. 103F-0318), CL-Sepharose-4B (Lot 
No. 83F-0318) were purchased f rom Sigma Chemical Comapny, 
S t . L o u i s , Mo . , U.S.A. 2-mercaptoethanol was obta ined 
f rom BDH, Poole, England. 
5. Miscellaneous: 
Cyanogen bromide was purchased f rom Sisco Research 
Labo ra to r i es , Bombay, I n d i a . Cychlohexanone, sodium 
:5A: 
metaper ioda te , t h i o b a r b i t u r i c ac id and phenol were obta ined 
f rom BDH, Bombay, I n d i a , and N-e thy lma le im ide f rom Pierce 
Chemical Co . , Rock fo rd , U.S.A. N-acety lneuramin ic ac id 
(Lot No. A2501 ) and coomassie b r i l l i a n t blue G-250 (Lot 
No. 18C-0132) were purchased f rom Sigma Chemical Company, 
St. Lou is , M o . , U.S.A. and iodoacetamide was obtained 
f rom Kosh-L igh t Labo ra to r i es , Colnbrook Be rk , England. 
A l l o ther reagents used were of a n a l y t i c a l g rade . 
Glass d i s t i l l e d water was used throughout the 
exper imen ts . 
B. Methods: 
1 . Preparation of solutions: 
(a) Copper reagent: 
The copper reagent was p repared by m ix ing 4%(W/\/) 
sodium b ica rbona te , 4% (W/V) sodium potassium ta r t a ra te 
and 2% (W/V) copper su l fa te in r a t i o of 1 0 0 : 1 : 1 . 
( b ) Folin-phenol reagent: 
The Fo l i n -pheno l reagent was p repared by the method 
of Fo l in and Ciocal teu (1962) . A two l i t r e round bottom 
f l ask was f i r s t wrapped w i t h b lack carbon paper and then 
to the f l ask were added 100 g of sodium tungstate , 25 
g of sodium mo lybda te , 50 ml of 85% o r t hophospho r i c a c i d , 
:55: 
100 ml of concentrated hydrochlor ic and 700 ml of water. 
The f lask was f i t ted wi th a condenser and the mixture 
was refluxed for about 10 hours after which 150 mg of 
l i th ium sulfate and 1 ml of l iqu id bromine were added. 
The content was heated for about 30 min to remove excess 
bromine. After cooling, the volume of the mixture was 
made upto one l i t r e wi th d i s t i l l ed water. The br ight yellow 
coloured reagent was f i l t e red and stored in a dark brown 
bot t le . The stock solution was di luted in water in rat io 
1:A (V/V) before use. 
(c) Dye solution: 
Coomassie b r i l l i an t blue G-250 (100 mg) was dissolved 
in 50 ml of ethanol and to th is solution was added 100 ml 
of 85% (V/V) orthophosphoric ac id . Then the volume was 
made upto one l i t r e wi th d i s t i l l ed water. 
(d) Carbohydrate solution: 
Beta forms of galactose and lactose were prepared 
according to the method of Hudson and Yonovsky (1917). 
First saturated solution was obtained by dissolving 2 g 
of either D( + ) lactose or D( + ) galactose in 2 ml of d i s t i l l ed 
water by heating at 90°C. Then beta-galactose and beta-
lactose were crysta l l ized from corresponding saturated 
solutions wi th ethanol. The crystals were col lected, dr ied 
and stored in f r idge . Stock solutions of two sugars (10 mM) 
: 56 : 
were p repared in 10 mM t r i s - H C l bu f fe r pH 7.5 cota in inq 
0.15 M NaCl and 2 mlM 2-mercaptoe thano l . Sugar concent ra-
t ion was determined by the method of Dubois et a l . , ( 1 9 5 6 ) 
using D( + ) galactose as s t a n d a r d , 
(e) pHMB solution: 
pCMB was d i s s o l v e d in a l k a l i n e aqueous so lu t ion 
and i t s pH was ad jus ted w i t h d i l u t e acet ic a c i d . Then 
stock so lu t ion was d i l u t e d to 100 f o l d w i t h 10 mM t r i s - n r i 
bu f fe r pH 7.0 and concentrat ion was determined s p ^ r t r o p h o t o -
metericallv at 232 nm using molar ex t i nc t i on coo f f i r i on t of 
16,900 per mol per cm (Neuman et a l . ,196/4) . 
( f ) Metal ion solution: 
The known amount of c h l o r i d e salt'"- of nnqnesium, 
manganese, cal^^ium and n i c k e l and s t ron t ium acetate were 
d i sso l ved in 10 ml of 10 mM t r i s - H C l bu f fe r pH 7.5 
conta"ning 0.15 M NaHl. The exact concentrat ion ftf salt 
so lut ions was determined by heaMnq in prowM'nhr^d bo t t les 
in an oven at 100°C to constant wo iqh t . 
2. pH Measurements: 
The pH measurements were made e i t h e r nn d i g i t a l 
E l i co pl-l meter model L I -120 or on EC d i g i t a l pH meter 
( s e r i a l 022, PH 5651) in conjunct ion w i t h nn e l i co glass 
:57 : 
e lec t rode and saturated calomal e l e c t r o d e . The instruments 
were s tandard ized w i t h 0.05 M hydrogen ph tha la te buf fer 
pH 4.1 and 0.01 M sodium te t rabo ra te bu f fe r pH 9.2 in 
ac id i c and basic range, r e s p e c t i v e l y . 
3. Optical measurements: 
L igh t absorp t ion measurmr>nts in v i s i b l e range were 
c a r r i e d out on photochem co lo r ime te r model C-110 and in 
u l t r a - v i o l e t range on CECIL UV-spect rophotometer model 
CE-202 and CECIL UV and v i s i b l e Double Beam spec t ropho to -
meter model CE-59A using a p p r o p r i a t e spec t rophotometer ic 
cuvet te of 1 cm path l e n g t h . 
Fluorescence measurements were c a r r i e d on Shimadzu 
spec t ro f luorometer model R-5A0 in conjunct ion w i t h f i t t e d 
Shimadzu Data Recorder DR-3 using quar tz c e l l of 1 cm 
path length at room tempera tu re . 
4 . Protein estimation: 
The p ro te in concentrat ion was rou t i ne l y determined 
by t he method of Lowry et a l . (1951) , dye b ind ing method 
( B r a d f o r d , 1976) and mod i f i ed L o w r y ' s method (Hudgin 
et a l . ,197A) using c r y s t a l l i n e bov ine serum a lbumin as 
s t a n d a r d . 
:58: 
(a) Method of Lowry et a l : 
To one ml of protein solution was added 5 ml of 
copper reagent and mixed we l l . After 10 min, one ml 
of Folin-phenol reagent was added and the solution was 
kept for 30 min at room temperature. The colour intensity 
of solution was read at 700 nm against the blank prepared 
s imi lar ly by omitting the prote in. 
(b) Dye binding method: 
To one ml of protein solution was added 5 ml of 
dye solution and mixed rap id l y . The colour developed 
was recorded at 580 nm wi th in 5-10 min against an 
appropriate blank prepared s imi lar ly without prote in. 
(c) Modified Lowry's method: 
The protein concentration in the presence of detergent 
was determined by the method of Lowry et a l . (1951) as 
modified by Hudgin et al.,(197A) using BSA as standard. 
The protein wcis f i r s t precipi tated wi th zinc chlor ide 
(0.05 M) and ch i l led acetone. The precip i tate was washed 
and redissolved in 1 ml of 0.1 N NaOH. Final ly , the 
protein concentration was determined by the method of 
Lowry et a l . (1951). The detai ls of the procedure have 
been mentioned above. 
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5. Chemical analysis: 
(a) Determination of neutral hexoses: 
The neut ra l hexose contents were determined by 
the method of Dubois et a l . (1956) using D( + ) galactose 
as s tanda rd . The op t i ca l dens i ty recorded at A90 nm was 
p lo t ted as a funct ion of c a r b o h y d r a t e concentrat ion in 
m ic rogram. The l inear cu rve shown in F ig .10 was obta ined 
by the method of least squares and was found to f i t the 
equat ion , 
O.D^gQ nm " •^•^® ( m i U l g r a m , neut ra l hexose) + .06 . . ( 1 ) 
To one m i l l i l i t r e of p ro te in so lu t ion ( 100 
— 275 ; j g ) w a s added f r e s h l y p repared one ml of 5°/o (V/A/) 
phenol so lu t ion in water and mixed w e l l . F i ve m i l l i l i t r e s 
of concentrated s u l f u r i c ac id were added r a p i d l y and the 
so lu t ion was a l lowed to cool at room tempera ture f o r 30 
m in . The colour i n tens i t y was read at A90 nm against 
an a p p r o p r i a t e blank p repared s i m i l a r l y w i t h bov ine serum 
a lbum in . 
(b ) Determination of s ia l ic ac id : 
The s i a l i c ac id contents of hepat ic l ec t i n were 
determined by the method of Warren (1959) using N - a c e t y l -
neuraminic ac id as s t anda rd . 
The g l ycop ro te i n was t rea ted w i t h 0.1 N s u l f u r i c 
ac id fo r 45 min at 80°C in a bo i l i ng water b a t h . The 
200 AOO 
D(+)Galactose, ug _ , 
Fig.10: Calibration curve for the estimation of neutral hexose 
of the hepatic lectin by the method of Dubois et a l . , 
(1956) using o(+) galactose as standard. 
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released s i a l i c ac id was t rea ted w i t h 0.1 ml of 0.2 M 
sodium metaper iodate in 9 M o r t hophospho r i c ac id and 
incubated f o r 20 min at room tempera tu re . To t h i s so lu t ion 
was added 1 ml of sodium arsenate in 0.5 M sodium su l fa te 
containing 0.1 N H„SO w i t h v igorous shaking and the ye l low 
colour w h i c h appeared momenta r i l y , d i s a p p e a r e d , then 3 
ml of sodium t h i o b a r b i t u r i c ac id in 0.5 M sodium su l fa te 
was added . The m ix tu re was heated in bo i l i ng water bath 
fo r 15 m in . I t was cooled and d i l u t e d w i t h an equal volume 
of cyc lohexanone. The colour i n tens i t y of cyclohexanone 
so lu t ion was read at 550 nm. The so lu t ion p repared 
s i m i l a r l y w i t h bovine serum albumin served as c o n t r o l . 
S i m i l a r l y , exper iments were per formed w i t h increasing 
concentrat ions of N-acety l neuraminic ac id in o rde r to obta in 
s tandard curve between o p t i c a l dens i t y at 550 nm and s i a l i c 
ac id concentrat ion in microgram (see F i g . 1 1 ) . The least 
squares ana lys is of resu l t s y i e l d e d the s t r a i gh t l ine w h i c h 
f i t s the equa t i on , 
O.D ^^Q ^^ = 12.31 (milligram sialic acid) + .01 ... (2) 
(c) Determination of sulfhydryl group: 
The sulfhydryl groups in mamnalian hepatic lectins 
were determined by titration with parahydroxymercuriben/oate 















Fig .11 : Calibrat ion curve for the estimation of s ial ic acid of 
hepatic lectins by th iobarb i tur ic acid test (Warren, 
1959) using N-acetylneuraminic acid as standard. 
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w i t h increasing concentrat ion of pHMB at room tomporaturo 
in the dark and increase in op t i ca l dens i ty at 250 nm was 
r e c o r d e d . S i m i l a r l y , exper iments were per formed w i t h 
d i f f e r e n t concentrat ions of pHMB and p r o t e i n . Each value 
was cor rec ted fo r i n d i v i d u a l con t r i bu t i on of pHMB and 
p r o t e i n . 
6. Sodium dodecyl sulfate polyacrylamide slab gel e lectro-
phoresis: 
Po lyac ry lam ide s lab gel e l ec t ropho res i s was per formed 
in 0.025 M t r i s - . 1 9 4 M g l yc i ne ( I = 0.11) contain ing 0.^% 
sodium dodecy l su l fa te accord ing to the method of Laemmli 
(1970) . 
The glass p la tes (192 x 162 x 1.5 mm) were washed 
w i t h detergent , chromic ac id and then w i t h d i s t i l l e d wa te r . 
A f te r d r y i n g , the p la tes were s i l i con i zed w i t h 5% (V /V) 
d i c h l o r o m e t h y l s i l a n e in ch lo ro fo rm and sealed w i t h 2% agar 
so lu t i on . The p la tes were f i x e d v e r t i c a l l y and t h i r t y 
s ix m i l l i l i t r e s of smal l pore gel so lu t ion containinrj 12.5% 
(W/V) a c r y l a m i d e , 0.6% (W/V) methy leneb isacry l am ide , 
0.05% (V/V) N , N , N ' , N ' t e t rae thy Imethy lenediamino (TEMED) 
and 0.038% (W/V) ammonium persu l fa te were pourod botwoon 
the glass p la tes and was kept f o r p o l y m e r i z a t i o n . A f te r 
30 min 5.5 ml of la rge pore so lu t ion containing 6% (W/V) 
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a c r y l a m i d e , 0.13% (W/V) N,N, me thy leneb i sac ry l am ide , 0.05% 
(V /V) N , N , N ' , N ' t e t rae thy lme thy lened iam ine , 0.12% (W/V) 
ammonium persu l fa te were layered on smal l pore gel and 
a comb was inser ted in the so lu t ion to form the w e l l s . 
A f te r 15 min the comb was removed and w e l l s were layered 
w i t h d i s t i l l e d wa te r . 
The samples were p repared by d i s s o l v i n g p ro te in 
in sample buf fer (0.062 M t r i s - H C l bu f fe r pH 6.8 contain ing 
10% (V /V) g l y c e r o l , 5% 2-mercaptoe thano l , 2% sodium dodecy l 
su l fa te and 0.05% bromophenol b l u e ) . The p ro te in samples 
were heated fo r 5 min at 90°C in bo i l i ng water bath p r i o r 
to e l e c t r o p h o r e s i s . An a p p r o p r i a t e volume of p ro te in sample 
(0 .01 -0 .1 ml ) containing 10-40 yug of p ro te in was a p p l i e d 
on the w e l l s of p o l y a c r y l a m i d e s lab g e l . Then each w e l l 
was gent ly layered w i t h e l e t r opho res i s bu f fe r (0.025 M 
t r i s - . 1 9 4 M g l yc ine pH 8.3 containing 0 .1% SDS). The 
e lec t ropho res i s was per formed w i t h a cur ren t of 2 mA per 
w e l l f o r s tack ing gel and 4 mA per w e l l fo r separat ing 
gel f o r 2? hours . The s lab was sta ined w i t h 1% (W/V) 
coomassie b r i l l i a n t b lue R-250 in m i x t u r e of 50% (V /V) 
i s o p r o p y l a l c o h o l , 10% acet ic ac id and water f o r 30 min 
and desta ined mechanica l ly w i t h 7% acet ic ac id so l u t i on . 
The r e l a t i v e m o b i l i t y of SDS-protein complex was detorminod 
both fo r marker p ro te ins and l ec t i n by d i v i d i n g tho m o b i l i t y 
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of p ro te in by tha t of t r ack i ng d y e . In o r d e r to determine 
the molecular weight of p ro te in , r e l a t i v e m o b i l i t y (R ) 
of var ious marker p ro te ins were p lo t ted as a funct ion of 
logar i thm of t h e i r molecular w e i g h t . . 
7 . Modification of RBCs and glycoproteins: 
(a) Limited t ryp t ic cleavage of ce l l glycopeptides: 
Surface g l ycop ro te ins of red blood ce l l s were 
p r o t e o l y t i c a l l y c leaved w i t h t r y p s i n accord ing to the method 
of Har r ison et a l . , ( 1 9 8 A ) . Rabbi t b lood was co l lec ted 
in the presence of 2.7% EDTA in normal sa l ine and washed 
in 0.15 M NaCl . To one ml of packed c e l l was added 
1 ml of t r y p s i n (10 mg) and incubated f o r 10 min at 37°C. 
The ce l l s were washed tho rough ly in phosphate buf fe red 
sa l ine and d i l u t e d w i t h the same buf fe r (7 ,8 x 10 c e l l / m l ) . 
(b) Desialylation of cel l surface glycoproteins: 
Cel l surface s i a l i c ac id f rom RBCs was removed 
enzymat ica l l y accord ing to the method of Roos et a l . ( 1 9 8 5 ) . 
Human e r y t h r o c y t e s (5 ml containing 8 x 10 co l l s ) wore 
t rea ted w i t h 0.5 ml of neuraminidase so lu t ion containing 
150 ug fo r four hours at 37°C. The c e l l s were wash(>d 
four t imes w i t h 10 volumes of phosphate buf fe red sal ine 
nH 7 . 0 . The released s i a l i c ac id was measured by 
t h i o b a r b i t u r i c ac id test (Warren, 1959). The d e s i a l y l a t o d 
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red blood ce l l s were suspended in phosphate buf fe red sa l ine 
to 7x10 ce l l s per m i l l i l i t r e . 
(c) Desialylation of glycoproteins: 
^n o rde r to remove s i a l i c ac id f rom f e t u i n , f i v e 
ml of 2% (W/V) so lu t ion of g l ycop ro te i n was t rea ted w i t h 
0.1 N s u l f u r i c ac id f o r 45 min at 80°C in bo i l i ng water 
b a t h . The so lu t ion was cooled at room tempera ture and 
the released s i a l i c ac id was est imated by t h i o b a r b i t u r i c 
ac id test (Warren, 1959). 
8 . Hemagglutination assay: 
The hemagglut inat ing a c t i v i t i e s of both membrane 
and so lub le be ta-ga lac tos ide b ind ing lec t i ns were determined 
by t h ree methods. 
In the f i r s t method w h i c h was rou t ine ly used fo r 
q u a l i t a t i v e detect ion of l e c t i n , 0.1 ml suspension of 2% 
t r y p s i n i z e d r a b b i t or neuraminidase t rea ted human RBCs 
4 (2 X 10 ce l l s ) were incubated w i t h equal volume of l i v e r 
homogenate contain ing A mg of p ro te i n or pL j r i f ied l ec t i n 
so lu t ion cont i j in ing 0.2 mg of p ro te in per m i l l i l i t r e and 
the v i s i b l e c e l l c lumps were seen by naked eye . The 
second method consisted of counting unagglut inated red blood 
ce l l s a f te r incubat ing mod i f i ed e r y t h r o c y t e s (10* co l l s ) 
w i t h l ec t i n (0 .2 mg/ml) fo r one m in . In the t h i r d method 
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wh ich was used in most of the exper iments desc r i bed 
in t h i s s t u d y , 1 ml of l ec t i n so lu t ion conta in ing 150 ug 
7 
of p ro te in was mixed w i t h mod i f i ed e r y t h r o c y t e s (2.5 x 10 
ce l l s ) and incubated at room temperature fo r 15 m in . The 
progress of hemagglut inat ion react ion was fo l l owed by l i g h t 
sca t te r ing at 610 nm. The con t ro l was p repared w i t h BSA 
in the s i m i l a r manner. The per cent hemagglut inat ion 
ca lcu la ted by the f o l l o w i n g equa t ion : 
Percent hemagglut inat ion = A -A / A „ 
where A and A_ represent absorbance at 610 nm of RBCs 
suspension in the presence and absence of l e c t i n . 
9 . Measurement of hepatic membrane lectin a c t i v i t y : 
The a c t i v i t y of hepat ic membrane le t ins f rom sheep, 
goat and buf fa lo l i v e r was measured by de termin ing the 
amount of l ec t in bound to 2 ml of ASF-Sepharose gel in 
10 mM t r i s - H C l buf fer pH 7.5 contain ing 0.5 NaCl, 0.5°4 
t r i t o n X-100, 20 mM CaCl and 0 .1% BSA. Two m i l l i l i t r e s 
of l ec t i n so lu t ion (130 ug) was incubated w i t h 2 ml of 
ASF-Sepharose gel fo r 2 hours at 40°C. The bound lec t in 
was e lu ted w i t h 0.05 M ammonium acetate bu f fe r pH 5.1 
containing 0.5 M NaCl and 0.5% t r i t o n X-100. 
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10. Preparaticxi of af f in i ty column: 
The a f f i n i t y media was p repared w i t h Sepharose-AB 
and as ia lo fe tu in accord ing to Cuatrecasas and Anfinsen (1970) 
A f te r washing Sepharose-4B gel suspension (60 ml) 
w i t h d i s t i l l e d wa te r , the s l u r r y was suspended in 0.15 
M NaCl and s o l i d cyanogen bromide c r y s t a l s (18.9 g) were 
g radua l l y added to t h i s so lu t ion w i t h gent le s t i r r i n g at 
ice co ld tempera tu re . The pH of the m i x t u r e was ad jus ted 
to 10 w i t h A N NaOH. The ac t i va ted Sepharose-AB gel 
thus obta ined was washed w i t h c h i l l e d d i s t i l l e d water 
f o l l owed by c h i l l e d coupl ing bu f fe r (0 .2 M b icarbonate 
bu f fe r pH 9.2 containing 0.15 M NaCl ) . The gel s l u r r y 
was then suspended in minimum volume of coupl ing buf fer 
pH 9.2 containing 0.15 M NaCl ) . The gel s l u r r y was then 
suspended in minimum volume of coup l ing buf fer to wh i ch 
were added 2% (W/V) as ia lo fe tu in so lu t i on . The m i x t u r e 
was incubated at room tempera ture fo r 2A hours . The 
a f f i n i t y gel was then washed thorough ly w i t h d i s t i l l o r l 
wa te r . The f ree ac t i va ted group to a f f i n i t y g e l , i f any , 
were b locked w i t h 0.2 M g l yc ine in coupl ing bLjffor in 
s i m i l a r f a s h i o n . 
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1 1 . Isolation of hepatic lectins from sheep, goat and buffalo 
l i v e r : 
(a) Preparation of acetone powder: 
The acetone powder of mammalian l i v e r was p repared 
in the fo l l ow ing manner: 
One hundred grams of f r e s h l i v e r was c h i l l e d in 
f r i d g e , minced and the ve ins , fa ts and t i ssue membrane 
were removed. The minced l i v e r (90 g) was homogenized 
in 100 ml of 10 mM t r i s - H C l bu f fe r pH 7.5 containing 0.15 M 
NaCl and then contents of the homogenate were p r e c i p i t a t e d 
w i t h 10 volumes of c h i l l e d acetone. The suspension was 
f i l t e r e d on bucKner funne l , d r i e d in a i r and stored at A°C. 
I f s to red at A°C, the l ec t i n a c t i v i t y associated in acetone 
powder is re ta ined fo r two weeks. However, the lec t in 
was ex t rac ted from acetone powder w i t h i n a week throuqhoLJt 
s tud ies . 
(b ) Solubil ization of acetone powder: 
Acetone powder (25 g) was suspended in A50 ml 
nf operat ing bu f fe r A (10 mM t r i s - H C l bu f fe r pH 7.5 
contain ing 0.15 M NaCl, 2 mM 2-mercaptoe thano l , 5 mM 
CaCl„ and 0.2 mM PMSF) and suspension was homogoni/ed 
by s t i r r i n g w i t h Remi homogenizer (Type LOSfs-l ) for 30 
m in . The homogenate was cent r i fuged at 12,000 rpm at 
A°C fo r 45 min and the supernatant wtis s tored at A'^C. 
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(Th i s was used fo r the p repara t ion of the so lub le be ta -
ga lac tos ide b ind ing l e c t i n s ) . The res idue was suspended 
in 500 ml of opera t ing bu f fe r B (10 mM t r i s - H C l bu f fe r 
pH 7.5 containing 0.5 M NaCl, 0.4 M KCl , 60 mM CaCl2, 
1 mM 2-mercaptoethano l , 0.2 mM PMSF and 1% t r i t o n X-100) 
and s t i r r e d fo r 45 m in . The s o l u b i l i z e d p ro te in was 
co l lec ted by cen t r i fuga t ion at 12,000 rpm at 4°C fo r 45 
m i n . Th i s was used f o r p repa ra t i on of hepat ic membrane 
l e c t i n s . 
(c )Af f in i ty chromatography of soluble beta-galactoside 
binding lect in: 
The so lub le be ta -ga lac tos ide b ind ing l ec t i n obta ined 
by ex t rac t i on of acetone powder w i t h bu f fe r A is f u r t h e r 
p u r i f i e d by sa l t f r ac t i ona t i on and a f f i n i t y ch romatography . 
The so l i d ammonium su l fa te was added to the ex t rac t to 
ach ieve 60% satura t ion ( fo r sheep, the p ro te in was 
p r e c i p i t a t e d w i t h 80% sal t sa tu ra t i on ) . The p r e c i p i t a t e d 
p ro te in was d i sso l ved in bu f fe r A (opera t inq ( juf fer A 
devo id of PMSF) and ex tens i ve l y d i a l y z e d against tho sano 
buf fe r to remove ammonium su l f a te . The p ro te in so lu t ion 
was loaded on as ia lo fe tu in Sepharose-4B column (2.5 x 1? 
cm) w i t h a f low ra te of 7 ml per hour . The column wrm 
washed w i t h seve ra l bed volumes of buff( A . ! ho Ixninrl 
p ro te in was s p e c i f i c a l l y e lutod w i t h 0.5 M Inrtost^ in t l io 
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same b u f f e r . The a f f i n i t y p u r i f i e d l ec t i n was d i a l y z e d 
against 10 mM t r i s - H C l buf fer pH 7.5 contain ing 0.15 M 
NaCl , 1 mM 2-mercaptoethanol and 5 mM CaCl to remove 
lac tose. The hemagglut inat ing a c t i v i t y was determined 
w i t h t r y p s i n i z e d r a b b i t e r y t h r o c y t e s . 
(d) Chromatography of hepatic membrane lectin on asia lo-
fetuin Sepharose-4B column: 
The detergent so lub le l e c t i n , genera l l y known as 
membrane l ec t i n (Hudgin et a l . , 1974 ) was p repared w i t h 
opera t ing bu f fe r B f rom acetone powder of l i v e r homogenate 
as stated above . I t was then loaded on as ia lo fe tu in 
Sepharose-AB column e q u i l i b r a t e d w i t h opera t ing buf fer 
B (opera t ing buf fe B devo id of PMSF). A f te r washing 
w i t h severa l bed volumes of opera t ing buf fer B , the bound 
p ro te in was nonspec i f i ca l l y e lu ted w i t h e lu t ing bu f fe r (0.05 
M ammonium acetate bu f fe r pH 5.( contain ing 0.5 M NaCl 
and 0.5% t r i t o n X-100) f o l l ow ing Hudgin et a l . ( 1 9 7 A ) . The 
p ro te in was co l lec ted at a f low ra te of 7 ml per hour in 
5 ml f r a c t i o n . To the eluate was added 60 mM of CaCl 
and the pH was ra ised to pH 7.5 by add ing 1 M t r i s 
so lu t i on . The p ro te in f r ac t i ons showing lactose i n h i b i t a b l e 
b ind ing to ASF-Sepharose g e l , were rech i unatographed on 
the same column e q u i l i b r a t e d w i t h 10 mM t r i s - H C l buf fer 
pH 7.5 contain ing 60 mM CaCl , 0.5 M NaCl, O.A M Kf 1 
and ^% t r i t o n X-100. 
RESULTS 
A. Isolation and characterization of hepatic lectins from 
sheep, goat and buffalo l i v e r : 
1 . Extraction of hepatic lect ins: 
The amount of acetone powder p repared f rom 100 
g of wet t i ssue of the t h ree species is near ly the same 
(25-28 g) as can be seen in T a b l e - V I I . E x t r c t i o n of 28 g 
of acetone powder of goat l i v e r w i t h bu f fe r A resu l ted 
in s o l u b i l i z a t i o n of about 3.4 g of p r o t e i n . From the 
res idue about 1.2 g of p ro te in could be f u r t h e r s o l u b i l i z e d 
w i t h ^% t r i t o n X-100 in bu f fe r B (see T a b l e - V I I ) . I t should 
be pointed out tha t the v a r i a t i o n in the amount of p ro te in 
so l ub i l i zed in buf fer A and B in d i f f e r e n t exper iments (12 
batches) on d i f f e ren t dates dur ing last th ree years was 
w i t h i n 15%. With buf fa lo and sheep l i v e r , the amount 
of p ro te in s o l u b i l i z e d were , r e s p e c t i v e l y , 2.8 and 2.A g . 
From the res idue le f t a f te r s o l u b i l i z a t i o n of p ro te in f rom 
acetone powder w i t h aqueous bu f f e r , i t was poss ib le to 
ex t rac t 1.0 and 1.53 g of p ro te in f rom buf fa lo and slieop 
t i ssue , r e s p e c t i v e l y , w i t h buf fer B contai ing t r i t o n X-100. 
Thus, the y i e l d of detergent s o l u b i l i z e d p ro te in is almost 
same fo r a l l the th ree spec ies . Detergent ex t rac ted p ro te in 
wh i ch has been designed as membrane p ro te in (Baenziger 
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TABLE - V I I 
Scheme of solubil ization of acetone powder 
of l i v e r homogenate 
Quantity of Total protein Detergent 
^ acetone powder s o l u b i l i z e d in ex t rac ted 
Source , ^ ^ ^ . , rr ^ . 
per 100 g t issue aqueous buf fe r p ro te in 
(£) (a) (g) 
1 . Sheep 25.5 2.A 1.53 
2. Goat 28.0 3.4 1.2 0 
3. Buf fa lo 28.0 2.8 0.9A 
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and Maynard , 1980; Tanabe et a l . , 1 9 7 9 ; Hudgin et a l . , 1974 ) 
as w e l l as the p ro te in s o l u b i l i z e d in aqueous buf fe r A, 
were f u r t h e r p u r i f i e d by sa l t f r c t i ona t i on and a f f i n i t y 
ch romatography , 
2 . Isolation of hepatic membrane lect in: 
The detergent so lub le l ec t i n was p u r i f i e d by 
chromatography on as ia lo fe tu in Sepharose-AB column. The 
f i n a l p ro te in y i e l d obta ined f rom 100 g of minced goat 
t i ssue was 1.2 mg (see T a b l e - V I I I ) . About 1.2 g of p ro te in 
were so l ub i l i zed w i t h the bu f fe r B contain ing \% t r i t o n 
X-100 f rom the res idue le f t a f te r s o l u b i l i z a t i o n of p ro te ins 
f rom acetone powder of 100 g of t issue w i t h aqueous buf fer 
A. The crude lec t i n so lu t ion obta ined was loaded on 
as ia lo fe tu in Sepharose-AB column (2.5x12 cm) e q u i l i b r a t e d 
w i t h operat ing bu f fe r B in two batches. About 2.6 mg 
p ro te in was e luted nonspec i f i ca l l y w i t h the e lu t ing buf fer 
in each b a t c h . The eluates of the two batches wore pooled 
and pH was ra ised to pH 7.5 by adding r e q u i s i t e amount 
of 1 M t r i s - s o l u t i o n . A f te r ac t i va t i ng l ec t i n w i t h 60 mM 
CaCl „ , the eluate was f u r t h e r p u r i f i e d by rechromatography 
on as ia lo fe tu in Sepharose-AB column e q u i l i b r a t e d w i t h the 
opera t ing bu f fe r B . The bound p ro te in was e lu ted w i t h 
e lu t ing bu f fe r pH 5.1 (see F i g . 1 2 ) . When AO ^ g of p u r i f i e d 
TABLE - V I I I 
Isolation of mammalian hepatic membrane lectin 
Total amount of A f f i n i t y 
Source p ro te in ex t rac ted p u r i f i e d 
w i t h detergent l ec t i n 
(mg) (mg) 
1 . Sheep 15A2 0.93 
2. Goat 1222 1.20 
3. Buf fa lo 9AA 0.97 
: 7^ : 
AO 80 
Elution volume (ml) 
Fig. 12: Isolation of goat hepatic membrane lect in by chromatographv 
on asialofetuin Sepharose AB column 
One gram of protein in A50 ml of 10 mM -fris-HCl buffer 
pH 7.5 containing 0.5 M NaCl, O.A M KCl, 60 mM CaCl If 
t r i ton X-100 and 0.2 mM PMSF was applied on ASF-Sep h^a rose 
4B column (2.5x12 cm) equi l ibrated wi th the same buffer 
devoid of PMSF and the bound protein was eluted with 50 
mM ammonium acetate buffer pH 5.1 containing 0.5 M NaCl 
and 0.5^ t r i ton X-100 in 5 ml fractions at a flow rate of 
7 ml per hour. The fractions were monitored by modified 
Lowry 's method (Hudgin et a l . ,197A). The inset shows elution 
pro f i le obtained on rechromatography of the active fractions 
on the same column. 
:76: 
:77 : 
l ec t i n was e lec t rophoresed in 0.025 M t r i s -0 .19A M q l y r i n e 
bu f fe r pH 0.3 in the presence of 0 .1% sodium dodecy l 
su l f a te , the p ro te in moved essen t ia l l y as a s ing le major 
p ro te in band w i t h R of 0.3A (see F iq .28 A ) . These resu l t s K m ^ 
were comparable to those repor ted e a r l i e r . About 1-5 mg 
of ga lac tose/N-acety lga lac tosamine spec i f i c membrane lec t in 
were iso la ted f rom r a b b i t (Kawasaki and AshwoU, 1976; 
Hudgin et a l . , 1 9 7 4 ) , rat (Tanabe et a i . , 1979) and human 
l i v e r (Baenzigar and Maynard , 1980). The y i e l d of 
N-acety lg lucosamine spec i f i c membrane lec t in was 8 mg per 
100 g of ch icken l i v e r (Kawasaki and A s h w e l l , 1977). 
The detergent so lub le buf fa lo and sheep p ro te ins 
were p repared f rom acetone powder in the manner desc r i bed 
above. The resu l t s are g iven in T a b l e - V I I I . About one mg 
p u r i f i e d l ec t i n was obta ined I rom each of 100 g of minced 
sheep and buf fa lo l i v e r (see T a b l e - V I I I and F igs.13&14) . 
Tota l p ro te in ex t rac ted f rom sheep l i v e r acetone powder 
was 1 .5 g w h i c h was about 60% h igher than tha t recovered 
f rom 100 g of minced buf fa lo l i v e r . The f i n a l y i e l d of 
p u r i f i e d l ec t i n was same in both the cases (see T a b l e - V I I I ) . 
When p u r i f i e d sheep and buf fa lo l ec t i ns (about 40 ug of 
each) were e lec t rophoresed inO.025 M t r i s - . 1 9 4 M g l yc ine 
bu f fe r pH 8.3 in the presence of 0.^% sodium dodecy l 











Elution volume (ml) 
Fig.13: Isolation of sheep hepatic membrane lect in by 
chromatography on asialofetuin Sepharose 4B column 
The experimental detai ls are the same as in the legend 
to Fig. 12. 
:78: 
40 80 
Elution volume (ml) 
Fig .14 : Iso la t ion of buf fa lo hepat ic membrane lec t in by chromato-
graphy on as ia lo fe tu in-Sepharose 4B column. 
The exper imenta l d e t a i l s are the same as in the legend 
to F ig .12 . 
:79; 
:80: 
as a s ing le p ro te in band w i t h R of 0.36 and 0.A2, 
^ m 
r e s p e c t i v e l y , fo r bu f fa lo and sheep lec t ins (see F i g . 
28 B & C ) . 
3. Isolation of hepatic soluble beta-(,alactoside binding 
lect in : 
Crude goat hepat ic l ec t i n s o l u b i l i z e d in aqueous 
buf fe r showed hemagglut inat ing a c t i v i t y w i t h t r y p s i n i z e d 
r a b b i t red blood c e l l s . The crude l ec t i n f r ac t i on was 
f u r t h e r p u r i f i e d by sa l t f r ac t i ona t i on and a f f i n i t y ch romato-
g r a p h y . As can be seen in T a b l e - I X , 35% of the ac t i ve 
p ro te in f r ac t i on was p r e c i p i t a t e d w i t h 60% ammonium 
su l f a t e . The hemagglut inat ing a c t i v i t y was measured by 
l i g h t sca t te r ing at 610 nm as desc r i bed in "Exper imen ta l 
Sec t ion" . The a c t i v i t y was expressed in terms of t u r b i d i t y 
or change in op t i ca l dens i ty at 610 nm produced in 15 
min a f te r incubat ion of 1 ml of l ec t i n so lu t ion w i t h r a b b i t 
e r y t h r o c y t e s (1x10 ce l l s ) in 10 mM phosphate buf fe red 
sa l ine (PBS) pH 7 .0 . The sa l t f rac t iona ted p ro te in of 
goat homogenate was f u r t h e r p u r i f i e d on as ia lo fe tu in 
Sepharose-4B column (2 .5x12 cm) e q u i l i b r a t e d w i t h 10 mM 
t r i s - H C l bu f fe r pH 7.5 containing 0.15 M NaCl , 2 mM 
2-mercaptoethanol and 5 mM CaCl . The bound p ro te in 
was e luted w i t h 0.5 M lactose as shown in F i g . 15. About 
TABLE - IX 
Isolation of goat hepatic soluble B-galactoside 
binding lect in 
Total Hemagg1u t i Activity P, ^ • Percent natinq acti-  
Isolation Step Protein ^.^^^ ^.^^ ^^^ f„id 
of protein purifica-
1. Aqueous solu- 3A00 100 23 
ble prote ins 
2. 60% ammonium 1200 35 37 1.6 
sulfate f rac-
t ionat ion 












20 60 80 
Elution volume (ml) 
Fig .15 : I so la t ion of goat hepat ic so lub le be ta-ga lac tos ide b ind ing 
lec t in by a f f i n i t y chromatography on as ia lo fe tu in Sepharose 
AB column. 
About 325 mg of p ro te in in 10 mM f r i s - H C l bu f fe r 
pH 7.5 containing 0.15 M NaCl, 2 mM 2-mercaptoe thano l , 
5 mM CaCl„ and 0.2 mM PMSF were a p p l i e d on as ia lo fe tu in 
Sepharose 4B column (2 .5x12 cm) e q u i l i b r a t e d w i t h the 
same buf fer devo id of PMSF. The bound p ro te in was 
eluted w i t h 0.5 M lactose in 5 ml f r ac t i ons at a f low 
ra te of 7 ml per hour . The p ro te in concentrat ion was 
determined by B r a d f o r d ' s method (1976). 
:82: 
:83: 
3.3 mg of p u r i f i e d l ec t i n was obta ined from 100 g of 
minced goat l i v e r (Tab le - IX ) . The f o l d p u r i f i c a t i o n was 
about 100. When 40 j jg of the a f f i n i t y p u r i f i e d lec t in was 
e lec t rophoresed in 0.025 M t r i s -0 .19A M g l yc ine buf fer 
pH 8.3 in the presence of 0 .1% sodium ciodecyl su l f a te ; 
the r e l a t i v e m o b i l i t y of the band was 0.6A (see F ig .29 A ) . 
About 2.A g of p ro te in f rom sheep l i v e r acetone 
powder was s o l u b i l i z e d w i t h 10 mM t r i s - H C l bu f fe r pH 
7.5 containing 0.15 M NaCl, 2 mM 2-mercaptoethanol (see 
T a b l e - X ) . We used 80% ammonium su l fa te insteasd of 60% 
to p r e c i p i t a t e out sheep l i v e r l e c t i n . When sal t 
f rac t i ona t ion was c a r r i e d out at 60% ammonium su l f a t e , 
the hemagglut inat ing a c t i v i t y was detected both in 
p r e c i p i t a t e and supernatant . However, w i t h 80% ammonium 
su l fa te the a c t i v i t y was found only in the p r e c i p i t a t e . 
From 100 g of the minced sheep l i v e r , 2.2 mg of a f f i n i t y 
p u r i f i e d l ec t i n was obta ined (see Table-X and F i g . 16) . 
Fo l lowing above p rocedure , the so lub le l ec t i n 
f r ac t i on obta ined f rom acetone powder of bu f fa lo l i v e r 
homogenate was p u r i f i e d by sa l t f r ac t i ona t i on and a f f i n i t y 
chromatography on as ia lo fe tu in Sepharose-4B column. The 
resu l t s are summarized in T a b l e - X I . The e lu t ion p r o f i l e 
of so lub le be ta -ga lac tos ide b ind ing l ec t i n f rom buf fa lo l i v e r 
is shown in F i g . 17. The f o l d p u r i f i c a t i o n of a f f i n i t y 
TABLE - X 
Isolation of sheep heaptic soluble B-galactoside 
binding lectin 





y i e l d 
Hemagglut inat ing 
a c t i v i t y per mg 
of p ro te in 
(x 10^^) 
A c t i v i t y 
f o ld 
i )ur i f icat ion 
1 . Aqueous Soluble 
p ro te ins 
2400 100 38 
2. 80% ammonium 
su l fa te f r a c t i o n a -
t i o n 
1333 55.5 52 1 .A 
3. A f f i n i t y c h r o -
m a t o g r a p h y 
2 . 2 0.09 2977 78 
:8A; 
20 60 80 
Elution volume (ml) -
Fig.16: Isolation of sheep hepatic soluble beta-galactoside 
binding lectin by af f in i ty chromatography on asialofetuin 
Sepharose 4B column. 
Tho experimental detai ls are the same as in the 
legend "o Fig.15. 
:85; 
TABLE - XI 
Isolation of buffalo hepatic soluble B-galactoside 
binding lectin 
. Hemagglutineting 
°^ . Percent a c t i v i t y per mg A c t i v i t y 
Iso la t ion Step p ro te in ^^^^ p ro te in f o l d (mg) -^  ^ 
, irv-6v p u r i f i c a t i o n 
(x 10 ) 
1 . Aqueous so lub le 2800 100 17.5 
p ro te ins 
2. 60% ammonium 955 34 21.4 1.2 
su l fa te f r a c t i o n a -
t ion 



















Elution volume (ml) 
Fig .17 : Iso la t ion of bu f fa lo hepat ic so lub le be ta -ga lac tos ide 
b ind ing l ec t i n by a f f i n i t y chromatography on as ia lo fe tu in 
Sepharose 4B column. 
The exper imenta l d e t a i l s are the same as In the 
legend to F i g . 15. 
-.87; 
:88: 
p u r i f i e d buf fa lo so lub le beta-ga lac tos i t i c b ind ing lec t in 
was 9 0 . About 3 mg of a f f i n i t y p u r i f i e d l ec t i n was o-
bta ined f rom 100 g of minced buf fa lo l i v e r . A major p ro te in 
band w i t h R of 0,63 was obta ined in sodium dodecy l 
m 
su l fa te p o l y a c r y l a m i d e s lab gel e l ec t r opho res i s (see F i g . 
29 C ) . The f i n a l p ro te in y i e l d of a f f i n i t y p u r i f i e d sheep 
lec t in was somewhat less than those obta ined f rom goat 
and buf fa lo l i v e r (Table I X - X I ) . 
4. Optical propert ies: 
The absorp t ion spect ra of so lub le be ta-ga lac tos ide 
b ind ing lec t ins f rom sheep, goat and bu f fa lo l i v e r were 
measured in 10 mM t r i s - H C l bu f fe r pH 7.5 conta in ing 0.15 
M NaCl, 5 mM CaCl„ and 1 mM 2-mercaptoethanol using 
the bu f fe r as b lank . The resu l t s are g r a p h i c a l l y shown 
in F igs . 18-20. E v i d e n t l y , both goat and buf fa lo so lub le 
be ta-ga lac tos ide b ind ing lec t ins absorbed max ima l l y at 278 
nm whereas the wavelength f o r maximum absorp t i on fo r 
sheep so lub le be ta-ga lac tos ide b ind ing l ec t i n was 276 nm. 
The p r o t e i n concen t ra t i on was determined by the method of 
Lowry et a l . (1951) as descr ibed i n "Exper imenta l S e c t i o n " 
and was in the range 225-235 ^ g / m l . When the p r o t e i n was 
est imated by measuring absorbance at 280 and 260 nm by the 
he lp of equat ion mg/ml = 1,55xA„-_ - 0.77xA^^„ (soo 
280 nm 260 nm 
2A0 290 
Wavelength, nm 
F i g . 1 8 : U l t r a v i o l e t abso rp t i on spec t ra of sheep hepat ic so lub le 
beta-ga lac tos ide b ind ing l e c t i n . 
The concentrat ion of l ec t i n so lu t ion in 10 mM t r i s - H C l 
bu f fe r pH 7.5 contain ing 0.15 M NaCl , 1 mM 2-mercapto-
ethanol and 5 mM CaCl„ was 0.225 m g / m l . The spec t ra 





Fig.19: Ul t raviolet absorption spectra of goat hepatic soluble 
beta-galactoside binding lec t in . 
The experimental detai ls are the same as in 












Fig.20: Ultraviolet absorption spectra of buffalo hepatic soluble 
beta-galactoside binding lect in . 
The experimental detai ls are the same as in the 
legend to Fig.18. 
:91 
TABLE - X I I 
Fluorescence excitation and emission maximum of mammalian 
hepatic soluble B-galactoside binding lectins 
Wavelength f o r Wavelength fo r 
Source exc i t a t i on maximum emission maximum 
(nm) (nm) 
1 . Sheep 278 338 
2. Goat 278 340 
3. Buffalo 278 340 
:92 : 
:93: 
Summerf ie ld and T a y l o r , 1986), t he re was about 8%-10% 
over est imat ion by spec topho tome te r i ca l l y . 
The f luorescence exc i t a t i on and emission spect ra 
of sheep, goat and buf fa lo so lub le be ta-ga lac tos ide b ind ing 
lec t ins were measured in 10 mM t r i s - H C l bu f fe r pH 7.5 
containing 0.15 M NaCl , 5 mM CaCU and 1 mM 2-mercap to -
ethanol and the resu l ts are g r a p h i c a l l y shown in F igs . 
21-23. The wavelengths f o r exc i t a t i on maximum are l i s t e d 
in T a b l e - X I I . Thus, fo r the th ree so lub le be ta-ga lac tos ide 
b ind ing l e c t i n s , the exc i t a t i on occur red at 278 nm and 
emission was in the range 338-340 nm. These are cha rac -
t e r i s t i c features of t r y p t o p h a n contain ing p ro te in (Reed 
et a l . , 1980). 
I n t e r e s t i n g l y , Lev i and Te ichberg (1981) s tud ied 
the spec t ra l p r o p e r t i e s of lactose spec i f i c l ec t i n f rom 
e l e c t r i c e e l . They found tha t the e l e c t r o l e c t i n absorbed 
max ima l l y at 278 nm and emission maximum occur red in 
the range 327-337 nm. The lactose spec i f i c l ec t i n f rom 
human placenta f o r w h i c h f luorescence measurements were 
not done, also absorbed max ima l l y at 278 nm (H i rabayash i 
et a l . , 1987). 
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5. Chemical analysis: 
(a) Carbohydrate contents: 
The membrane hepat ic lec t ins f rom sheep, goat and 
buf fa lo l i v e r were analyzed fo r t h e i r neut ra l hexose and 
s i a l i c ac id contents. S t r i k i n g l y , the membrane lec t ins 
contained s i a l i c ac id wh i ch was undetectab le in so lub le 
lec t ins (see Tables X l l I & X I V ) . F u r t h e r , the neut ra l hexose 
contents of hepat ic membrane l ec t i ns were 5-6 f o l d h igher 
than that est imated fo r mammalian hepat ic so lub le be ta -
ga lac tos ide b ind ing l e c t i n s . Buf fa lo hepat ic membrane lec t in 
contained h ighest amount of neu t ra l hexoses as we l l as 
s i a l i c ac id fo l l owed by goat hepat ic membrane l e c t i n (see 
Table X I I I ) . The c a r b o h y d r a t e contents of sheep hepat ic 
membrane l ec t i n were analyzed to be lowes t . I t should 
be pointed that the neut ra l hexose contents of r a b b i t hepat ic 
l ec t i n determined by Rayland et a l . (197A), were comparable 
to that of goat hepat ic membrane l e c t i n . However, in 
r a b b i t hepn ' r - membrane l e c t i n , contents of s i a l i c ac id 
were near ly two f o l d h igher than s i a l i c ac id contents of 
goat hepat ic membrane l e c t i n . Human and rat hepat ic 
membrane lec i tns were also found to bo s i a l o g l y r o p r o t e i n s 
containing both s i a l i c ac id and neut ra l hexosos (Hnlt)orq 
et a l . , 1987; Baenziger and Maynard , 1980). 
The neut ra l hexose contents of ho[:iaiic 5C)lut)lc hcMd-
TABLE - X I I I 
Carbohydrate ccxitents of mammlian hepatic membrane lectins 
Source 
Neutra l Hexose, 
(moles/mole) 
Th i s Reported 
Study Value 
S ia l i c ac id « 
(moles/mole) 
Th i s Reported 
Study Value 
1 . Sheep 18.6 5 . 3 
2. Goat 27.0 8 . 7 
3. Buffalo 38.8 11.3 
A, Human 15.3 6 .1 
5. Rabbit '^ 28.8 16.A 
6. Chicken 8 . 3 1 .8 
a . Baenziger and Maynard, (1980) . 
b. Rayland et a l . , (1974) 
c. Kawasaki and A s h w e l l , (1977) . 
:98: 
TABLE - XIV 
Carbohydrate contents of mammalian hepatic soluble 
B-galactoside binding lectins 
Neutra l hexose, 
Source moles/mole 
Th i s s tudy Reported Value 
1 . Sheep 
2. Goat 
3. Buf fa lo 
A. E lec t r i c e e r 
* Based on molecular weight of 16 kDa (Lev i and 
Te i chbe rg , 1981). 
:99; 
:100: 
ga lac tos ide b ind ing lec t i ns were determined by the method 
of Dubois et a l . ( 1 9 5 6 ) . The resu l t s are summarized in 
Tab le -X IV . As can be seen tha t number of no les of 
neu t ra l hexoses per mole of l ec t i n are the same fo r goat 
and sheep so lub le be ta-ga lac tos ide b ind ing lec t ins but 
subs tan t i a l l y h igh fo r bu f fa lo so lub le be ta-ga lac tos ide 
b ind ing l e c t i n . Only one so lub le be ta -ga lac tos ide b ind ing 
lec t in f rom e l e c t r i c eel has been analyzed fo r i t s 
c a r b o h y d r a t e contents thus f a r ( L e v i and T e i c h b e r g , 1981). 
The repor ted value (2 moles/mole) is subs tan t i a l l y lower 
than that found fo r mammalian hepat ic so lub le bo ta -
ga lac tos ide b ind ing l e c t i n s . 
(b) Thiol group estimation: 
The t i t r a t i o n of t h i o l groups in so lub le bo ta-
ga lac tos ide b ind ing lec t ins f rom sheep, goat and buf fa lo 
l i v e r was c a r r i e d out in 10 mM t r i s - H C l bu f fe r pH 7 .0 . 
The resu l t s are g r a p h i c a l l y dep i c ted in F igs . 2A-26. Whi lo 
pHMB concentrat ion was determined using molar ex t i nc t i on 
coe f f i c ien t 16,900 per mol per cm, the p ro te in concentrat ion 
was measured by the method of Lowry et a l . ( 1 9 5 1 ) . 1 lu> 
i n f l ec t i on po in ts in F igs . 24-26 occur rod ,it inolnr r n t i d , 
[ p H M B ] / [ p r o t e i n ] of 3 .3 , A.5 and 4 . 7 , r e s p e c t i v e l y , for 
sheep, goat and buf fa lo l e c t i n s . Thus, about f i v e t i t r a b l e 
t h i o l groups per mole of p ro te in were a v a i l a b l e under na t i ve 
[pHMB]/[Protein] 
F i g . 2 4 : T i t r a t i o n of t h i o l group of sheep hepat ic soUjble 
beta-ga lac tos ide b ind ing l ec t i n w i t h pHMB. 
One ml of l ec t i n so lu t ion (1 .8 juM) was incubated 
w i t h increas ing concentrat ions of pHMB (1 .8 -18 
^ M ) in 10 mM t r i s - H C l bu f fe r pH 7.0 fo r A hours 
in the da rk and increase in absorbance at 250 












Fig.25: Titrat ion of thiol group of goat hepatic 
soluble beta-galactoside b ind ing l ec t i n w i t h 
pHMB. 
The experimental detai ls are the same 













Fig.26: Titrat ion of thiol group of buffalo hepat ic so lub lo 
beta-galactoside binding lectin by pHMD. 
The experimental detai ls are the same as 
in the legend to F ig . 24. 
10J: 
:10A: 
cond i t ion in goat and bu f fa lo hepat ic so lub le beta-ga lac tos ide 
b ind ing l e c t i n s . The number of t i t r a b l e t h i o l groups in 
sheep so lub le be ta-ga lac tos ide b ind ing l ec t i n turned out 
to be 3. However, by amino ac id ana lys is the number 
of t h i o l groups in human placenta (H i rabayash i et a l . , 
1987) and ra t lung (C le rch et a l . , 1988; Whitney et a l . , 
1986) so lub le be ta-ga lac tos ide b ind ing lec t ins have been 
found to be k.l and 6, r e s p e c t i v e l y . 
6. Determination of molecular weight: 
The molecular we igh ts of hepat ic membrane loc t ins 
as w e l l as so lub le be ta-ga lac tos ide b ind ing lec t ins wore 
determined by p o l y a c r y l a m i d e s lab gel e l ec t ropho res i s in 
0,025 M t r i s - 0 . 1 9 4 M g l yc ine bu f fe r pH 8.3 in the presence 
of 0 .1% sodium dodecy l su l fa te accord ing to the method 
of Laemmli (1970) . The marker p ro te ins were o l e c t r o -
phoresed under i den t i ca l cond i t ions and r e l a t i v e m o b i l i t i e s 
w i t h respect to m o b i l i t y of dye (coomn . ,io b r i l l i a n t bhio 
R-250) were measured. The resu l t s are summarized in 
Tab le -XV. The data obta ined w i t h marker p ro te ins 
(Tab le-XV) were analysed by the method of least squares 
and a p lo t between log M and r e l a t i v e m o b i l i t y , R , 
was drawn (see F i g . 27 ) . The l i near cu rve obta ined f i t s 
the equat ion , 
Log M = -1 .27 R + 5.16 (3) 
m 
TABLE - XV 
Molecular weights and re la t ive mobi l i t ies for marker 
pro te ins used in SDS-PAGE 
Marker Protein Molecular 
weight Log M R V a l u e ^ m 
1 . Bovine serum a lbumin 
2. Ovalbumin 
3. Chymotryps inogen A 
A. Cytochrome c 

















6 . L igh t cha in of 
human IgG 
25,000 4.3949 0.23 
7. Pepsin 35,500 4.5502 0.32 
a Hames, (1986) 
b Ro i t t , (1988) 
c Andrews, (1970) 
•-105: 
F i g . 2 7 : P lo t of R values of marker p ro te ins versus loga r i t hm 
of molecular we igh t . 
The marker p ro te ins were 1 . bov ine serum albumin 
( m o l . w t . 68 kDa) , 2. heavy chain of human IgG ( m o l . w t . 
50 kDa) , 3. ova lbumin ( m o l . w t . 43 kDa) , A. peps in 
( m o l . w t . 35.5 kDa) , 5. chymot ryps inogen ( m o l . w t . 
25.7 kDa) , 6. l i g h t chain of human IgG ( m o l . w t . 25 
kDa) and 7. cyfech rome c ( m o l . w t . 11.7 kDa) . the a r rows 
( 1 ) and ( f ) i nd i ca te the pos i t ions of R values of 
membrane hepat ic l ec t i ns and so lub le be ta - ga lac tos ide 
b ind ing l e c t i n s , r e s p e c t i v e l y . 
,106: 
:107: 
As can be seen in T a b l e - X V I , the r e l a t i v e m o b i l i t i e s 
of sheep, goat and buf fa lo hepat ic membrane lec t ins are 
i den t i ca l under reducing and nonreducing cond i t ions ( F i g . 
28 ) . These values of r e l a t i v e m o b i l i t i e s were consistent 
w i t h molecular weight of 42, 5A and 50 kDa, r e s p e c t i v e l y , 
fo r sheep, goat and buf fa lo hepat ic membrane lec t i ns (see 
T a b l e - X V I ) . The hepat ic membrane lec t ins f rom r a b b i t 
(Kawasaki and A s h w e l l , 1976), rat (Tanabe et a l . , 1979) 
and human (Baenziger and Maynard , 1980) l i v e r have been 
s tud ied fo r t h e i r molecular we igh t . The repor ted value 
l i es between AO-65 kDa. The molecular weight found fo r 
sheep hepat ic membrane lec t ins s i m i l a r to that (Al kDa) 
repor ted f o r human hepat ic membrane l ec t i n (Baenziger 
and Maynard , 1980). 
The e lec t rophore tograms of sheep, goat and buf fa lo 
so lub le be ta-ga lac tos ide b ind ing lec t ins are shown in F i g . 
29. The r e l a t i v e m o b i l i t i e s of the th ree so lub le be ta -
ga lactos ide b ind ing lec t ins were 0 . 7 1 , 0.6A and 0 .63 , 
r e s p e c t i v e l y , f o r sheep, goat and buf fa lo l ec t i ns wh ich 
corresponded respec t i ve molecular weight of 18, 22 and 
24 kDa. Thus, the resu l ts of Tab le -XVI and XVII showed 
that both hepat ic membrane lec t ins as w e l l as so lub le 
beta-ga lac tos ide b ind ing lec t i ns possess s i g n i f i c a n t l y smal le r 
molecular we igh t s . The molecular we ight of so lub le be ta -
TABLE - XVI 
Relative mobil i t ies of mammalian hepatic membrane 
lectins in SDS-PAGE 
With 0.2 M 2 - m e r - Without 0.2 M 2-mer-
Source captoethanol captoethanol 
R M , { kDa) R M , (kDa) 
m r ' ' m r ' 
1 . Sheep 0.42 A2 0.A2 A2 
2. Goat 0.3A 54 0.34 54 
3. Buffalo 0.36 50 0.36 50 
:108: 
F i g . 2 8 : E lect rophoretograms of hepat ic membrane lec t ins 
of goat ' ^ , A ' ) , sheep ( B , B ' ) and buf fa lo ( C , C ' ) 
r e s p e c t i v e l y , under reducing (p r imed l e t t e r ) and 
nonreducing (unpr imed l e t t e r ) cond i t i ons . 
T h i r t y micrograms each of the th ree lec t ins 
were e lec t rophoresed in 25 mM t r i s - 1 9 2 mM g l yc ine 
bu f fe r pH 8.3 contain ing 0 .1% SDS in 12% p o l y a c r y l -
amide get fo r 3 hours w i t h anodic cur ren t of A 
mA/ lane. The gel s lab was stained w i t h ^% coomassie 
b r i l l i a n t blue R-250 and desta ined mechanica l ly 
w i t h 7% acet ic a c i d . 
:109: 
mm 
A A' B 6 ^ 
TABLE - XVI I 
Relative mobil i t ies of mammalian hepatic soluble 
R-galactoside binding lectins in SDS-PAGE 
With 0.2 M 2 -mer - Without 0.2 M 
Source captoethanol 2-mercaptoethanol 
R M , ( kDa) R M . (kDa) 
m r ' ' m r ' 
1 . Sheep 0,71 18 0.71 18 
2. Goat 0.6A 22 0.64 22 
3. Buffalo 0.63 2A 0.63 2k 
: 110: 
Fig.29: Electrophoretograms of hepati soluble beta-galactoside 
binding lectins of goat ( A , A ' ) , sheep (B,B ' ) and 
buffalo (C,C')^ respect ively, under reducing (primed 
let ter) and nonreducing (unprimed let ter) conditions. 
The experimental detai ls are the same as in 




A A* * B B'"' C C 
TABLE - X V I I I 
E f fec t of s i m p l e sugars on t h e b i n d i n g of mammalian 
h e p a t i c membrane l e c t i n s to ASF-Sepharose ge l 
R e l t i v e i n h i b i t o r y a c t i v i t y ' ^ 
^^9^"^ Sheep Goat Ruf fa lo" 
1 . D ( + ) L a c t o s e 1 1 1 
2 . D( + ) G a l a c t o s e 0 . 7 0 . 9 0 . 8 
3 . D( + ) Mannose 0 .01 0 . 0 2 0 . 0 2 
4 . D( + ) G lucose 0 .01 0 . 0 2 0 .02 
5 . D( + ) Fucose 0 . 0 3 0 . 0 3 0 . 0 3 
* R e l a t i v e i n h i b i t o r y a c t i v i t y i s t h e r a t i o o f C , , f o r l a c t o s e 
M 
t o t h e C ^ f o r t e s t s u g a r w h e r e C^^ i s t h e c o n c e n t r a t i o n 
of t h e suga r r e q u i r e d f o r 50';, i n h i b i t i o n of t h e b i n d i n g 
of l e c t i n to A S F - g e l . T h e v a l u e s o f C f o r l a c t o s e w e r e 
12 , 15 and 15 mM f o r s h e e p , goa t and b u f f a l o l e c t i n s , 
r e s p e c t i v e l y . 
112 : 
:n3: 
•galactosid b ind ing l ec t i n f rom goat l i v e r was subs tan t ia l l y 
h ighe r than tha t (14 kDa) found fo r goat lung be ta -
ga lac tos ide b ind ing l ec t i n wh ich is a d imer of M 28.8 
kDa; the subuni t M being 1A kDa (Har r ison et a l . , 198A) . 
The molecular weight of so lub le monomeric be ta-ga lac tos ide 
b ind ing lec t in f rom human lung has been e a r l i e r determined 
to be 22 kDa w h i c h is i den t i ca l to tha t of goat hepat ic 
so lub le beta-ga lac tos ide b ind ing l ec t i n (Sparrow et a i . , 
1987). However, the molecular we ight of so lub le bo ta-
ga lac tos ide b ind ing l ec t i n f rom buf fa lo l i v e r was found 
to be subs tan t i a l l y h igher than that (1A kDa) of the major 
ra t lung so lub le be ta-ga lac tos ide b ind ing l ec t i n (Cerra et 
a l . , 1955). 
B. Functional propert ies of hepatic l e c t i n * : 
1 . Carbohydrate binding specif ic i ty of hepatic membrane 
lectins: 
The c a r b o h y d r a t e b ind ing s p e c i f i c i t y of the t h ree 
hepat ic membrane lec t ins was s tud ied in 10 mM t r i s - H C l 
bu f fe r pH 7.5 containing 0.5 M NaCl , 60 mM CaCl , 0.5% 
t r i t o n X-100 and 0 .1% BSA in the presence of sacchar ides 
l i s t e d in T a b l e - X V I I I . The l ec t i n so lu t ion (130 ug) was 
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About 124 Lig of bound p ro te in were e lu ted w i t h o lu t ing 
bu f fe r wh ich represented 100% b i n d i n g . However, the 
increasing concentrat ions of D( + ) galactose and D( + ) lactose 
reduced s i gn i f i can t l y the b ind ing of the th ree lec t ins to 
a f f i n i t y g e l , shown in F igs . 30-32. The i^elative i n h i b i t o r y 
a c t i v i t y of D(+) galactose, D(+) g lucose, D(+) mannose 
and D( + ) fucose were ca lcu la ted by d i v i d i n g the concent ra-
t ion of D( + ) lactose r equ i r ed f o r 50% i n h i b i t i o n by that 
of test sugar. As can be seen in T a b l e - X V I I I , the r e l a t i v e 
i n h i b i t o r y a c t i v i t i e s of galactose f o r a l l the t h ree membrane 
hepat ic lec t ins were comparable to tha t of lac tose . 
However, lactose was most potent i n h i b i t o r of the in te rac t ion 
of the t h ree lec t ins w i t h ASF-gel fo l l owed by ga lactose, 
D( + ) g lucose, D( + ) mannose and D( + ) fucose had no ef fect 
on the b ind ing of the t h ree lec t i ns to ASF-gel (see 
T a b l e - X V I I I ) . These resu l t s taken together suggested that 
the t h ree membrane lec t i ns f rom sheep, goat and buf fa lo 
l i v e r are lac tose/ga lactose spec i f i c l i k e those f rom human, 
ra t and r a b b i t l i v e r (Baenziger and Maynard , 1980; Tanabe 
et a l . , 1979; Hudgin et a l . , 1974). 
2 . Carbohydrate binding specif ic i ty of soluble beta-
galactoside binding lect ins: 
The c a r b o h y d r a t e b ind ing s p e c i f i c i t y of the th ree 
TABLE - XIX 
Inhibit ion of hemagglutinating act iv i ty of sheep hepat i c 
soluble B-galactoside binding lectin by saccharides 
Sacchar ide Relative inhibi tory 
A c t i v i t y ' 
1 . oC-Lactose 1 
2. B-Lactose 1 
3. oc-Galactose 0.033 
4 . p-Galactose 0.033 
5. M e t h y l - c C - D - g a l a c t o - 0.018 
pyranos ide 
6 . M e t h y l - p - D - g a l a c t o - O.OAO 
pyranos ide 
7. 0 - n i t r o p h e n y l - p - D - 0.160 
ga lac topyranos ide 
8. D(+) Glucose 0.003 
9. D(+) Mannose 0.003 
10. D(+) Fucose 0.003 
1 1 . D(+) Fructose 0.002 
*Re la t i ve i n h i b i t o r y a c t i v i t y is the ra t i o of C fo r lactose 
to C f o r test suqar where C., is the concentrat ion of 
sacchar ide r equ i r ed f o r 50% i n h i b i t i o n of hemagglut inat ing 
a c t i v i t y of sheep hepat ic so lub le be ta-ga lac tos ide b ind ing 
l e c t i n . The value of C., f o r lactose was 0.7 mM. 
M 
:118: 
TABLE - XX 
Inhibit ion of hemagglutinating act iv i ty of goat hepatic 
soluble B-galactoside binding lectin by sacchar ides 
Sacchar ide Re la t i ve i n h i b i t o r y A c t i v i t y " " 
1 . o<-Lac tose 1 
2. B-Lactose 1 
3. o<-Galactose 0.050 
A. B-Galactose 0.055 
5. Me thy l -OC-D- 0.028 
ga lac topyranos ide 
6. M e t h y l - p - D - 0.063 
ga lac topyranos ide 
7. 0 - n i t r o p h e n y l - p - D - 0.786 
ga lac topyranos ide 
8. D(+) Glucose 0.003 
9. D(+) Mannose 0.003 
10. D(+) Fucose 0.003 
1 1 . D( + ) Fructose 0.003 
The r e l a t i v e i n h i b i t o r y a c t i v i t y has the same s i g n i f i -
cance as in Tab ie -X IX . The va lue of C., f o r lactose 
M 
was 1 .1 mM. 
119: 
TABLE - XXI 
Inhibit ion of hemagglutinating act iv i ty of buffalo hepatic 
soluble B-galactoside binding lectin by saccharides 
Sacchar ide Re la t ive i n h i b i t o r y A c t i v i t y 
1 . oC-Lactose 1 
2. B-Lactose 1 
3. o^-Galactose 0.050 
A. B-Galactose 0.055 
5, Me thy l - (X -D - 0.023 
ga lac topyranos ide 
6, M e t h y l - p - D - 0.05A 
ga lac topyranos ide 
7, 0 - n i t r o p h e n y l - p - D - 0.563 




11 . D(+) Fructose 0.003 
* The r e l a t i v e i n h i b i t o r y a c t i v i t y has the same s i g n i f i -
cance as in the Tab le -X IX . The value of C fo r lactose 









a f f i n i t y p u r i f i e d so lub le be ta-ga lac tos ide b ind ing lec t ins 
was q u a n t i t a t i v e l y s tud ied in 10 mM t r i s - H C l bu f fe r pH 
7.5 containing 0,15 M NaCl , 5 mM CaCl and 1 mM 
2-mercaptoethanol in the presence of e leven sacchar ides 
by l i g h t sca t te r ing measurement at 610 nm . The resu l t s 
are dep ic ted in F igs . 33-A2. As can be seen in F igs . 
33-A2, increasing concenrat ions of s p e c i f i c sacchar ides 
caused subs tan t ia l decrease in per cent hemagglut inat ing 
a c t i v i t y of the th ree l e c t i n s . The concentrat ion of sugar 
cor responding to 50 per cent i n h i b i t i o n of the hemagg lu t i -
nat ion reac t i on ,C . , , was determined fo r a l l sacchar ides 
and r e l a t i v e i n h i b i t o r y a c t i v i t y was ca lcu la ted by d i v i d i n g 
the concentrat ion of lactose requ i red f o r 50% i n h i b i t i o n 
by tha t of saccha r i de . The resu l ts are summarized in 
Table X IX -XX I . I t can be seen that mannose, g lucose, 
fucose and f ructose had no e f fec t on the hemagglut inat ing 
a c t i v i t y of a l l the th ree lec t i ns whereas lactose and 
galactose regard less of t h e i r anomeric forms i n h i b i t e d l ec t i n 
mediated hemagglut inat ion w i t h t r y p s i n i z e d r a b b i t 
e r y t h r o c y t e s in case of a l l the t h ree l ec t i ns (see F igs . 
33-38) . Galactose and i t s d e r i v a t i v e s fo l l owed lactose 
in t h e i r r e l a t i v e i n h i b i t o r y po ten t ia l (see Table X I X - X X I ) . 
These resu l t s suggest that the t h ree so lub le beta-ga lac tos ide 
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TABLE - X X I I 
M e t a l ion s t i m u l a t i o n of hemagglut inat ing a c t i v i t y of goat 
h e p a t i c s o l u b l e B - g a l a c t o s i d e b ind ing l e c t i n 
M e t a l ion 
C R e l a t i v e A c t i v i t y ' 
(mf(r) {%) 
1 . C a C l . 
' ' . M g C l , 







4 . N i C l , 





* M a x i m u m a t t a i n a b l e s t i m u l a t i o n of h e m a g g l u t i n a t i n g 
a c t i v i t y b y m e t a l i o n . 
: 1 3 2 : 
TABLE - X X I I I 
M e t a l ion s t i m u l a t i o n of hemagglut inat ing a c t i v i t y 
of b u f f a l o h e p a t i c s o l u b l e B - g a l c t o s i d e b i n d i n g l e c t i n 
C(^ R e l a t i v o a f ^ t i v i t y * 
M e t a l i on (mM) {%) 
1 . CaCl2 20 80 
2 . MgCl 34 75 
3 . MnCl 35 
A. N i C l AO 7A 
5 , SrCCH^COO)^ AO 75 
* Maximum a t ta inab le s t imu la t ion of hemagglut inat ing 
a c t i v i t y by metal i on . 
133: 
:13A: 
be ta-ga lac tos ide spec i f i c l i k e human and rat lung so lub le 
be ta-ga lac tos ide b ind ing lec t ins (Sparrow et a l . , 1987; 
Cerra et a l . , 1985). Fu r the rmore , methy la t ion of galactose 
at C-1 pos i t ion of galactose had l i t t l e e f fect on the 
i n h i b i t o r y p r o p e r t y of ga lactose. On the o ther hand, 
subs t i t u t i on of n i t r o p h e n y l group at C-1 pos i t i on of 
galactose had marked ef fect on the i n h i b i t o r y po ten t ia l 
of galactose (see Table XIX-XXT and F igs . 39 -42) . The 
fact tha t the n i t r o p h e n y l a t e d galactose i s fa r more i n h i b i t o r y 
than galactose or m e t h y l - a l p h a and m e t h y l - b e t a - g a l a c t o -
py ranos ides , suggest p a r t i c i p a t i o n of h y d r o p h o b i c in te rac t ion 
in the sacchar ide b ind ing by hepat ic so lub le be ta-ga lac tos ide 
bnding lec t ins 
3. Effect of metal ion on the hemagglutinating ac t iv i ty of 
soluble beta-galactoside binding lect ins; 
T h e e f f e c t of m e t a l ion on t h e h e m a g g l u t i n a t i n g 
a c t i v i t y of t h e t h r e e s o l u b l e b e t a - g a l a c t o s i d e b i n d i n g l e c t i n s 
was s t u d i e d i n 10 mM t r i s - H C l b u f f e r pH 7 . 5 c o n t a i n i n g 
0 . 1 5 M NaCl and 1 mM 2 - m e r c a p t o e t h a n o l . 
T h e r e s u l t s a r e s u m m a r i z e d i n T a b l e X X I l - X X l l I , T h e 
h e m a g g l u t i n a t i n g a c t i v i t y of t h e t h r e e l e c t i n s a f t e r r e m o v a l 
of m e t a l i o n , b y e x t e n s i v e d i a l y s i s o f l e c t i n s o l u t i o n s 
a g a i n s t t h e b u f f e r c o n t a i n i n g 10 mM EDTA, was s t i m u l a t e d 
:135: 
by adding increasing concentrat ions of calc ium ion (2-AO 
mM). The curve drawn between hemagglut inat ing a c t i v i t y 
of goat so lub le be ta-ga lac tos ide b ind ing l ec t i n and metal 
ion concent ra t ion , gave m i d d l e point (C^.) near 20 mM and 
87% maximum a t ta inab le a c t i v i t y (see F i g . AA). S i m i l a r l y , 
exper iments were per formed on sheep and buf fa lo so lub le 
be ta-ga lac tos ide b ind ing lec t i ns (see F igs . A'^  & A5) . The 
values of C,, and maximum a t ta inab le a c t i v i t y in the M 
2+ presence of Ca ion were A9 mM and 85% fo r sheep l e c t i n . 
Results f o r buf fa lo l ec t i n are summarized in Tab le X X I I I . 
I t should be po inted out that 2-mercaptoethanol was omi t ted 
f rom b ind ing bu f fe r w h i l e i nves t iga t ing the ef fect of MnCl , 
NiCl_ and Sr(CHaCOQ) on hemagglutinftJJng a c t i v i t y of the th ree 
so lub le l e c t i n s . St imulat ion of goat and bu f fa lo so lub le 
beta-ga lac tos ide b ind ing lec t ins appears to r e q u i r e 
app rox ima te l y 2.5 t imes less calcium ion concentrat ion than 
sheep so lub le be ta-ga lac tos ide b ind ing l ec t i n (see F igs . 
AA & A5) . For o ther metal ions f o r goat and buf fa lo 
l e c t i n s , the values of C were genera l l y in the range 20-A2 
mM (see F igs . AA-53 and Table X X I I - X X I I I ) . The behav iour 
of goat and buf fa lo lec t ins towards Mg and Mn ions 
appears to be s i m i l a r (see F igs . A6, A?, 50 and 51 ) . 
The two lec t ins r e q u i r e r e l a t i v e l y h igher concentration<i 














Fig.43: Effect of calcium ion on the hemagglutinating act iv i ty 
of sheep hepatic soluble beta-galactoside binding 
lec t in . 
Stimulation of lect in (0.25 mg/ml) freed from 
metal ion was determined by l igh t scattering measure-
ment at 610 nm inthe presence of increasing concentra-
tions of CaCl^ (2-40 mM) in 10 mM tris~HCl buffer 





Fig.44: Effect of calcium ion on the hemagglutinating act iv i ty 
of goat hepatic soluble beta-galactoside binding lec t in . 
The experimental detai ls are 
legend to Fig,A3. 











Fig .45 : Effect of calc ium ion on the hemaggiut inat ing a c t i v i t y 
of buf fa lo hepat ic so lub le be ta-ga lac tos ide b ind ing 
l e c t i n . 
The exper imenta l de ta i l s are the same as in the 





Fig.46: Effect of magnesium ion on the hemagglutinating ac t iv i ty 
of goat hepatic soiubie beta-galactoside binding lect in . 
the The experimental detai ls are 




Fig.A7: Ef fect of manganese ion on the hemagglut inat ing 
a c t i v i t y of goat hepat ic so lub le be ta -ga lac tos ide 
b ind ing l e c t i n . 
The exper imenta l d e t a i l s are the same as in 
the legend to F ig .A3. 
: U 0 : 
20 AO 
[NiCl2lmM 
Fig .48 : Effect of n i c k e l ion on the hemagglut inat ing a c t i v i t y 
of goat hepat ic so lub le be ta-ga lac tos ide b ind ing l e c t i n . 
The exper imen ta l d e t a i l s are the same as in legend 
to F i g . 4 3 . 
141 
20 AO 60 
[Sr(CH3COOJ2LmM ^ 
Fig .49 : Effect of s t ron t ium ion on the 
a c t i v i t y of goat hepat ic so lub le 
b ind ing l e c t i n . 
hemagglut inat ing 
be ta -ga lac tos ide 
The exper imen ta l 
the Legend to F i g . 4 3 . 




Fig.50: Effect of magnesium ion on the hemagglutinating 
ac t iv i ty of buffalo hepatic soluble beta-galactoside 
binding lec t in . 
The experimental detai ls are the same as in 
the legend to Fig.A3. 
U 3 : 
20 AO 60 
F i g . 5 1 : Effect of manganese ion on the hemagglut inat ing 
a c t i v i t y of bu f fa lo hepat ic so lub le be ta-ga lac tos ide 
b ind ing l e c t i n . 
The exper imen ta l 
the legend to F ig .A3 . 





Fig .52 : Effect of n i c k e l ion on the hemagglut inat ing a c t i v i t y 
of bu f fa lo hepat ic so lub le be ta-ga lac tos ide b ind ing 
l e c t i n . 
The exper imen ta l d e t a i l s are the same as in 













20 AO • 60 
[Sr(CH3COO)2l;mM ~^  
Fig.53: Effect of strontium ion on the hemagglutinating 
ac t iv i ty of buffalo hepatic soluble beta-galactoside 
binding lect in . 
The experimental detai ls are the same as in 
the legend to Fig.43, 
146: 
: 1 47 : 
s t i m u l a t i o n . S t r i k i n g l y , sheep so lub le be ta-ga lac tos ido 
b ind ing l ec t i n un l i ke those f rom goat and buf fa lo l i v e r 
d i d not show any detec tab le act iv i ty in the absence of 
2 -mercaptoethano l . Thus, sheep be ta -ga lac tos ide b ind ing 
l ec t i n i s s i m i l a r to rat (Whitney et a l . , 1986) and human 
(Sparrow et a l . , 1987) lung so lub le be ta -ga lac tos ide bnding 
lec t ins wh ich are known to r equ i r e t h i o l groups fo r the 
maintenance of t h e i r hemagglut inat ing a c t i v i t y . 
4 . Effect of th io l blocking reagents on the hemagglutinating 
act iv i ty of soluble beta-galactoside binding lect ins: 
The ef fect of t h i o l b lock ing reagents on the 
hemagglut inat ing a c t i v i t y of so lub le be ta -ga lac tos ide b ind ing 
lec t ins f rom sheep, goat and buf fa lo l i v e r was s tud ied 
by measuring t ime course of i nac t i va t i on by 5 mM each 
of pa rahyd roxymercu r i benzoa te , N -e thy lma le im ide and 
iodoacetamide in 10 mM t r i s - H C l bu f fe r pH 7.5 containing 
0.15 M NaCl, 5 mM CaCl and 0.1 nM 2-mercaptoe thano l . 
The r e s u l t s are shown in F igs . 54-56. As can be seen 
in F igs . 5A-56 tha t iodoacetamide t reatment had no i n h i b i t o r y 
ef fect on the hemagglut inat ing a c t i v i t y of the th ree lec t ins 
w h i l e pHMB and NEM abo l i shed a c t i v i t y w i t h i n 60 m in . 
Thus, these resu l t s obta ined were comparable to those 
of H i rabayash i et a l . f l987) who repor ted i nac t i va t i on of 
Time, min 
Fig.SA: Ef fect of t h i o l b lock ing reagents on the hemagglut ina-
t ing a c t i v i t y of sheep hepat ic so lub le be ta -ga lac tos ide 
b ind ing l e c t i n . 
Lect in so lu t ion (0.25 mg) in 10 mM t r i s - H C l 
bu f fe r pH 7.5 conta in ing 0.15 M NaCl , 5 mM CaCl„ 
and 0.1 mM 2-mercaptoethanol was incubated w i t h 
5 mM each of p H M B ( Q ) , N E M ( ^ ) and iodoacetamide 
( A ) fo r d i f f e ren t t ime i n t e r v a l s (1-80 min) in 
the da r k and res idua l hemagglut inat ing a c t i v i t y 
was measured by l i g h t sca t te r ing method. 
1A8: 
Time mm 
Fig.55: Effect of th io l blocking reagents on the hemagglutina-
ting ac t i v i t y of goat hepatic soluble beta-galactoside 
binding lec t in . 
The experimental detai ls are the same as in 





Fig.56: Effect of th io l blocking reagents on the hemagglutina-
ting ac t iv i ty of buffalo hepatic soluble beta-galactoside 
binding lect in . 
The exeperimental 
the legend to Fig.54. 
detai ls are the same as in 
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soluble beta-galactoside binding lectins from human placenta 
by pHMB and NEM. Interest ingly, the two cysteine residues 
out of six in the dimeric rat lung lectin react rapid ly 
wi th iodoacetamide and then modified lectin showed 
signif icantly higher ac t iv i ty (Whitney et a l . , 1986; Clerch 
et al., 1988). 
DISCUSSION 
A. Mammalian hepatic membrane lect ins: 
Two types of l ec t ins have been iso la ted f rom sheep, 
goat and buf fa lo l i v e r . These are membrane lec t i ns wh i ch 
are s o l u b i l i z e d w i t h aqueous bu f fe r contain ing detergent 
and so lub le be ta-ga lac tos ide b ind ing lec t ins wh ich could 
be s o l u b i l i z e d w i t h acqueous buf fe r devo id of de te rgen t . 
For p u r i f i e d membrane l e c t i n s , the f i n a l y i e l d per hundred 
grams of wet t i ssue was about one m i l l i g r a m fo r each of 
sheep, goat and buf fa lo l e c t i n s . The cor respond ing y i e l d s 
per hundred grams of wet t i ssue fo r so lub le be ta-ga lac tos ide 
b ind ing l ec t i n were 2 . 2 , 3.3 and 3.0 mg, r e s p e c t i v e l y fo r 
sheep, goat and buf fa lo l e c t i n s . 
Some p r o p e r t i e s of hepat ic membrane lec t i n 
inves t iga ted in t h i s study are summarized in f a b l e XXIV. 
The a f f i n i t y p u r i f i e d lec t ins f rom sheep, goat and buf fa lo 
l i v e r moved essen t ia l l y as a s ing le p ro te in band w i t h 
r e l a t i v e m o b i l i t y of 0.A2, 0.34 and 0 .36 , r espec t i ve l y (see 
F i g . 2 8 ) , suggesting that the l ec t i n p repara t ions are 
essen t ia l l y f ree from extraneous p r o t e i n . The measured 
values of R of 0.A2, 0.3A and 0.36 corresponded to M 
m r 
of A2, 5A and 50 kDa, r e s p e c t i v e l y , fo r sheep, qoat and 
buf fa lo l e c t i n s . I t would thus seem that bu f fa lo and goat 
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TABLE - XXIV 
Some propert ies of mammalian hepatic 
membrane lectin 
Proper t y Sheep Goat Buffa lo 
1 . Molecular weight by A2 54 50 
5DS-PAGE in the presence 
and absence of 0,2 M 
2-mercaptoethano l , kDa 
2. Carbohydra te contents 
(a) Neutra l hexoses 18.6 27.0 38.8 
(b ) S ia l i c ac id 5.3 8.7 11.8 
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l ec t ins possess s i m i l a r molecular weight w h i l e the molecular 
weight of sheep hepat ic membrane l ec t i n is s i g n i f i c a n t l y 
l owe r . In f a c t , the l a te r i s i den t i ca l to that (41 kDa) 
measured fo r membrane l ec t i n f rom human l i v e r (Baenziger 
and Maynard , 1980). The membrane lec t ins hav ing sugar 
s p e c i f i c i t y s i m i l a r to those l i s t e d in Table I I I have also 
been iso la ted f rom ra t and r a b b i t l i v e r (Tanabe et a l . , 1 9 7 9 ; 
Hudgin et a l . , 1 9 7 A ) . The a f f i n i t y p u r i f i e d r a b b i t hepat ic 
membrane l ec t i n moved w i t h M of 40 and 48 kDa on 
r 
p o l y a c r y l a m i d e gel e l ec t ropho res i s in the presence of sodium 
dodecy l su l f a te . The na t i ve l ec t i n has a molecular weight 
of 264 kDa and i s presumed to consist of two la rge r subuni ts 
(48 kDa) and four smal le r subuni ts (40 kDa) (Kawasaki 
and A s h w e l l , 1976). The major ra t hepat ic membrane l ec t i n 
wh i ch is spec i f i c f o r ga lactose, has a molecular weight 
of about 40 kDa, that is the same as the molecular weight 
of human l i v e r l ec t i n (Halberg et a l . , 1 9 8 7 ; Barondes,1986) . 
Our resu l ts on sheep, goat and buf fa lo hepat ic membrane 
lec t ins showed tha t sheep hepat ic membrane lec t i n is s i m i l a r 
to those obta ined f rom human and rat l i v e r (Halberg et 
a l . , 1 9 8 7 ; Baenziger and Maynard , 1980). However, goat 
and buf fa lo hepat ic membrane lec t ins are subs tan t i a l l y 
l a r g e r . 
The membrane lec t ins f rom sheep, goat and buf fn lo 
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l i v e r were found to be s i a l o g l y c o p r o t e i n . The c a r b o h y d r a t e 
contents of buf fa lo hepat ic membrane l ec t i n is h ighest 
fo l l owed by goat hepat ic membrane lec t i n and the c a r b o -
h y d r a t e contents of sheep hepat ic membrane lec t i n i s lowest 
(see T a b l e - X I I I ) . The sheep, goat and buf fa lo hepat ic 
membrane lec t ins con ta in , r e s p e c t i v e l y , 19, 27 and 39 moles 
neut ra l hexoses per mole; the cor respond ing f i gu res f o r 
the s i a l i c ac id contents are 5, 9 and 12 moles per mole. 
Human hepat ic membrane ga lac tose/N-acety lga lac tosamine 
spec i f i c l ec t i n w i t h M of 41 kDa contains 15 moles of 
neut ra l hexoses and 6 moles of s i a l i c ac id (Baenziger and 
Maynard , 1980). The major r a b b i t hepat ic membrane l ec t i n 
spec i f i c f o r ga lac tose/N-acety lga lac tosamine possesses 29 
moles of neut ra l hexoses and 16 moles of s i a l i c ac id 
(Rayland et a l . , 1 9 7 4 ) . These resu l t s suggest tha t membrane 
lec t i n f rom sheep l i v e r i s s i m i l a r to that of human in 
ca rbohyd ra te composi t ion (neut ra l hexose and s i a l i c ac id 
con ten ts ) . These s tud ies revea l that membrane lec t ins 
f rom mammalian l i v e r may d i f f e r in chemical composi t ion 
as w e l l as in molecular w e i g h t . 
The th ree membrane lec t ins f rom sheep, goat and 
buf fa lo l i v e r were s tud ied f o r t h e i r c a r b o h y d r a t e b ind ing 
s p e c i f i c i t y . The r e l a t i v e i n h i b i t o r y a c t i v i t i e s of lac tose, 
ga lactose, g lucose, mannose and fucose towards the 
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i n te rac t ion of hepat ic membrane lec t ins w i t h ASF-Sepharose 
gel were measured. The r e l a t i v e i n h i b i t o r y po ten t ia l was 
h ighe r f o r lactose fo l l owed by ga lactose. The fact tha t 
fucose, glucose and mannose had no s ign i f i can t i n h i b i t o r y 
ef fect on the b ind ing of l ec t i n to ASF-gel whereas the 
b ind ing was marked ly i n h i b i t e d by lactose and galactose 
showed tha t the th ree hepat ic membrane lec t ins are be ta -
ga lac tos ide spec i f i c (see T a b l e - X V I I I ) . Thus, the th ree 
hepat ic membrane lec t i ns i so la ted in t h i s s tudy are s i m i l a r 
in c a r b o h y d r a t e b ind ing s p e c i f i c i t y to those f rom human, 
ra t and r a b b i t l i v e r (Baenziger and Maynard , 1980; Tanabe 
et a l . , 1 9 7 9 ; Sarkar et a l . , 1 9 7 9 ) . 
B. Mammalian hepatic soluble beta-galactoside binding 
lect ins: 
Soluble be ta-ga lac tos ide b ind ing lec t ins iso la ted 
f rom sheep, goat and buf fa lo l i v e r moved as a s ing le p ro te in 
band in p o l y a c r y l a m i d e gel e l ec t ropho res i s in the presence 
of 0 .1% sodium dodecy l su l f a te . The r e l a t i v e m o b i l i t i e s 
of sheep, goat and buf fa lo so lub le l ec t i ns were 0 . 7 1 , 0.6A 
and 0.63 r e s p e c t i v e l y ; the cor respond ing values of M being 
18, 22 and 24 kDa (see Tab le -XXV) . S t r i k i n g l y , the 
molecular we ight remains unchanged by inc lud ing 0.2 M 
2-mercaptoethanol in the e lec t ropho res i s bu f f e r . These 
TABLE - XXV 
Some propert ies of mammalian hepatic soluble 
rtoside binding lectins B-galact 
P r o p e r t y Sheep goat B u f f a l o 
M o l e c u l a r w e i g h t b y 
SDS-PAGE i n t h e p r e -
sence and a b s e n c e of 18 22 2A 
0 . 2 M 2 - m e r c a p t o -
e t h a n o l , kDa 
2 . N e u t r a l h e x o s e 
c o n t e n t s , m o l e s / m o l e 
o f p r o t e i n 
3 . N o . of s u l f h y d r y l 3 5 5 
g r o u p p e r m o l e of 
p r o t e i n 
A. O p t i c a l p r o p e r t y 
u n d e r n a t i v e 
c o n d i t i o n s 
(a) Absorp t ion maximum 276 278 278 
in U.V. reg ion , nm 
(b) Fluorescence e x c i t a - 278 278 278 
ta t ion maximum, nm 
(c) Fluorescence emission 338 340 340 
maximum, nm 
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resu l t s o v e r r u l e d the ex is tence of in te r d i s u l f i d e bond(s) 
between the subuni ts in the th ree hepat ic so lub le be ta -
ga lac tos ide b ind ing l e c t i n s . A perusa l of T a b l e - I l l & IV 
in the i n t roduc t i on would show tha t one of the prominent 
so lub le beta-ga lac tos ide b ind ing l ec t i n has a subuni t 
molecular weight of 1A kDa. Th i s p a r t i c u l a r l ec t i n has 
been found in human p lacenta , lung and hea r t , bov ine hear t 
and b r a i n , goat lung and severa l t issues of ra t inc lud ing 
lung, hea r t , l i v e r , uterus (Sparrow et a l . , 1 9 8 7 ; H i rabayash i 
et a l . , 1 9 8 7 ; C h i l d and F e i z i , 1979; Southan et a l . , 1 9 8 7 ; 
Caron et a l . , 1 9 8 7 ; Har r i son et a l . , 198A; Cerra et a l . , 1 9 8 5 ) . 
The value of M measured f o r t h ree mammalian lec t ins in 
r 
t h i s study are subs tan t i a l l y h i ghe r (see Table-XVI l ) • One 
of the s t r i k i n g observa t ion is tha t goat be ta -ga lac tos ide 
b ind ing l ec t i n has a M of 22 kDa wh i ch remains unchanged 
in the presence of 0.2 M 2-mercaptoethano l . The measured 
value of M fo r goat l i v e r l ec t i n is 57 per cent h igher 
than that (14 kDa) found fo r goat lung l ec t i n (Har r ison 
et a l . , 1 9 8 4 ) . . F u r t h e r , the goat lung l ec t i n is a d imor 
of M of 28.8 kDa; the subuni t M being 14 kDa (Har r ison 
et a l . , 1 9 8 4 ) . These observa t ions po int towards the poss ib le 
t issues dependent d i f f e rence in the goat so lub le be ta -
ga lac tos ide b ind ing l e c t i n . The goat and buf fa lo solLiblo 
be ta-ga lac tos ide b ind ing l ec t i n i so la ted from immature lung, 
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l i v e r , hea r t , muscles as w e l l as f rom adu l t lung (Cerra 
et a l . , 1 9 8 5 ) . From T a b l e - I I f and IV , i t i s c lear tha t out 
of 33 mammalian t issues be ta-ga lac tos ide b ind ing l e c t i n s , 
only human lung contains monomeric be ta -ga lac tos ide b ind ing 
l ec t i n w i t h M of 22 kDa wh i ch i s the same as found fo r 
r 
be ta-ga lac tos ide b ind ing l ec t i n f rom goat l i v e r . These 
resu l t s again i nd i ca te poss ib le species dependent d i f f e rence 
in M of so lub le be ta-ga lac tos ide b ind ing l e c t i n s . 
The th ree so lub le be ta-ga lac tos ide b ind ing lec t ins 
f rom sheep, goat and buf fa lo l i v e r were found to contain 
neut ra l hexoses but were devo id of s i a l i c ac id res idues . 
The c a r b o h y d r a t e contents of sheep and goat lec t ins are 
i den t i ca l and were subs tan t i a l l y less than tha t (7 moles 
per mole) f o r bu f fa lo l e c t i n . These values are cons ide rab ly 
h ighe r than tha t (2 moles) found f o r l ec t i n f rom e l e c t r i c 
organ of e l e t r i c eel ( L e v i and T e i c h b e r g . 1981). 
L i k e the major be ta-ga lac tos ide b ind ing loot in froiTi 
ra t lung (C le rch et a l . , 1 9 8 8 ) , the t h ree so lub le l e t i ns 
f rom sheep, goat and buf fa lo l i v e r r equ i r e s t r uc tu ra l 
i n t e g r i t y in t h i o l group fo r t h e i r hemagglut inat ing a c t i v i t y . 
The number of t h i o l groups wh i ch could be t i t r n t o d in 
the th ree be ta-ga lac tos ide b ind ing lec t ins f rom shoop, fjoat 
and buf fa lo l i v e r are 3 .2 , A.5 and A .8 , r e s p e c t i v e l y . 
Upon mod i f i ca t i on w i t h pHMB the th ree lec t ins lost t h e i r 
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hemagglut inat ing a c t i v i t y comp le te l y . Treatment w i t h 
iodoacetamide d i d not cause i nac t i va t i on (see F igs.54-56) 
of the t h ree l e c t i n s . Mod i f i ca t i on w i t h NEM resu l ted in 
slow but complete i nac t i va t i on of hemagglut inat ing a c t i v i t y 
of the t h ree mammalian so lub le be ta -ga lac tos ide b ind ing 
l e c t i n s . These resu l t s can be exp la ined in terms of the 
degree of exposure of t h i o l groups in the th ree l e c t i n s . 
Presumab ly , the p a r t i a l l y bu r ied t h i o l groups are 
func t i ona l l y more impo r tan t . Th i s exp la ins why being most 
h y d r o p h o b i c t h i o l b lock ing reagent, pHMB was most e f f ec t i ve 
to abo l i sh the hemagglut inat ing a c t i v i t y of the th ree 
mammalian so lub le be ta -ga lac tos ide b ind ing l e c t i n s . The 
c a r b o h y d r a t e b ind ing a c t i v i t y of major so lub le be ta -
ga lac tos ide b ind ing l ec t i n f rom rat lung was s l i g h t l y 
enhanced upon in te rac t ion w i t h iodoacetamide (Whitney et 
a l . , 1 9 8 6 ) . No such promot ion of hemagglut inat ing a c t i v i t y 
of the t h ree mammalian lec t ins was observed upon treatment 
w i t h iodoacetamide. 
Results on u l t r a v i o l e t and f luorescence exc i t a t i on 
and emission spect ra (see Tab le -X I I ) showed that the 
aromat ic chromophores in the t h ree so lub le be ta-ga lac tos ide 
b ind ing lec t i ns f rom sheep, goat and buf fa lo l i v e r inc ludt> 
the t r y p t o p h a n r e s i d u e ( s ) . 
Soluble be ta -ga lac tos ide b ind ing lec t ins from sheep, 
:161 : 
goat and buf fa lo l i v e r showed a c t i v i t y against t r y p s i n i z e d 
r a b b i t e r y t h r o c y t e s . t h e fact tha t the hemagglut inat ing 
a c t i v i t y was not in f luenced by mannose, g lucose, fucose 
and f ruc tose and was subs tan t i a l l y i n h i b i t e d by be ta -
ga lac tos ide (see Tables XIX—XXI ) suggests that the th ree 
so lub le be ta-ga lac tos ide b ind ing lec t ins f rom sheep, goat 
and buf fa lo l i v e r are be ta-ga lac tos ide s p e c i f i c . Both 
galactose and lactose regard less of t h e i r anomoric forms 
had equal i n h i b i t o r y ef fect on hemagglut inat ing a c t i v i t y 
of the th ree mammalian l e c t i n s . Th i s fact ind ica tes that 
C-1 pos i t ion in glucose of lactose or anomeric carbon of 
galactose do not con t r i bu te to the b ind ing of spec i f i c 
sacchar ide by t h ree mammalian l e c t i n s . F u r t h e r , the 
observa t ion tha t the lactose i s f a r more i n h i b i t o r y fo r 
hemagglut inat ing a c t i v i t y of the t h ree l ec t i ns than galactose 
leads to the conclusion tha t c a r b o h y d r a t e b ind ing s i te in 
the t h ree so lub le be ta -ga lac tos ide b ind ing lec t ins f rom 
sheep, goat and bu f fa lo l i v e r has extended geometry wh ich 
only p a r t i a l l y occupied by ga lactose. Moreover , w h i l e 
me thy l -be ta -D -ga lac topy ranos ide had the same i n h i b i t o r y 
ef fect on the hemagglut inat ing a c t i v i t y of the t h ree so lub le 
be ta-ga lac tos ide b ind ing lec t i ns as ga lactose, o - n i t r o p h o n y l -
be ta -D-ga lac topyranos ide was severa l f o l d af fected i n h i b i t o r . 
These resu l t s are s ign i f i can t because they emphasize the 
:162: 
h y d r o p h o b i c i n te rac t ion in the be ta-ga lac tos ide b ind ing 
by th ree mammalian so lub le be ta -ga lac tos ide b ind ing l e c t i n s . 
Effect of metal ion requirement on hemagglutinating a c t i v i t y : 
One of the notable observa t ion made in t h i s s tudy 
was tha t the hemagglut inat ing a c t i v i t y of the th ree so lub le 
be ta-ga lac tos ide b ind ing lec t ins f rom sheep, goat and buf fa lo 
l i v e r was subs tan t i a l l y enhanced by metal ions such as 
calcium i on . Under cond i t ion where the t h ree mammalian 
lec t ins were saturated w i t h calc ium i on , the per cent 
increase in the hemagglut inat ing a c t i v i t y was same fo r a l l 
the th ree l e c t i n s . However, goat and bu f fa lo l ec t i ns r e q u i r e 
subs tan t i a l l y less calc ium ions f o r a c t i v a t i o n of hemagg lu t i -
nat ing a c t i v i t y than sheep hepat ic so lub le be ta-ga lac tos ide 
b ind ing l e c t i n . On removal of metal ions f rom sheep, goat 
and buf fa lo lec t ins by pro longed d i a l y s i s against the bu f fe r 
containing EDTA abo l i shed t h e i r hemagglut inat ing a c t i v i t y . 
Th is also ind ica ted the metal ion requ i rement f o r hemagg lu t i -
nat ing a c t i v i t y of the t h ree mammalian so lub le be ta -
ga lac tos ide b ind ing l e c t i n s . 
The enhancement of the hemagglut inat ing a c t i v i t y 
of the throG mammalian so lub le be ta -ga lac tos ide b ind ing 
lec t ins by calc ium ions i s in fact ve ry s u r p r i s i n g . Since 
most of the so lub le be ta -ga lac tos ide b ind ing lec t ins from 
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vertebrate tissues do not require calcium ion for thei r 
hemagglutinating ac t i v i t y , th is behaviour of the three 
soluble beta-galactoside binding lectins isolated in th is 
study distinguishes them from soluble beta-galactoside 
binding lectin from vertebrate tissues which do not require 
metal ion for the i r hemagglutinating ac t i v i t y . 
Unlike goat and buffalo soluble beta-galactoside 
binding lec t in , sheep soluble lectin showed absolute 
requirement of th io l compound e.g. 2-mercaptoethanol for 
i ts hemagglutinating ac t i v i t y . The goat and buffalo soluble 
beta-galactoside binding lectins do not require the th io l 
compound. Thus, sheep soluble beta-galactoside binding 
lectin resembles the rat lung soluble beta-galactoside binding 
lectin which also require th io l compound for the maintenance 
of carbohydrate binding ac t i v i t y . From these results i t 
can be concluded that the three lectins d i f fe r from soluble 
beta-galactoside binding lectin from vertebrate tissues 
reported thus far in calcium ion requirement. 
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ISOLATION AND SOME PROPERTIES OF MAMMALIAN HEPATIC MEMBRANE 
LECTIhe 
Najma A l i and A. Salahuddin 
In terd isc ip l inary Biotechnology Unit, Al igarh Muslim Un ivers i ty , 
Aligarh-202002, INDIA. 
Key words: Asialoglycoprotein receptors, Mammalian l i v e r , SDS-PAGE. 
Membrane lect ins were isolated from sheep, goat and buffalo l i v e r 
by chromatography on asialofetuin {ASF)-Sepharose 4B column. The 
lect ins moved as single protein band in SDS-PAGE wi th M of A2, 
54 and 50 kOa, respect ive ly , for sheep, goat and buffalo lec t ins . 
M remained unchanged in 0.2 M 2-mercaptoethanol. As judged from 
inh ib i t ion of the binding of lectin to ASF-gel, the three lect ins were 
p-galactoside spec i f ic . Sheep, goat and buffalo lectins were found 
to be sialoglycoproteins containing 18.6, 27 and 38.8 moles of neutral 
hexose, respect ive ly ; the corresponding values of s ia l ic acid contents 
being 5.3, 8.7 and 11.8 moles per mole of lec t in . Thus, goat and 
buffalo lectins are physico-chemically di f ferent from many mammalian 
hepatic lectins described so far . 
Mammalian hepatic membrane lectins appear to serve as 
asialoglycoprotein receptors (1,2) in the hepatic uptake of 
c i rculatory aslaloglycoproteins pr io r to the i r catabollsm. They 
have also been Implicated in exocytosis of endocytosed as la lo-
glycoproteins (3) and possibly In specif ic cel lular Interaction (4). 
Avai lable data on membrane hepatic lectins show that the l e c t i n s 
from dif ferent animals d i f fe r signif icant ly In physico-chemical 
propert ies (4-7) . Further, hepatic membrane lectins from the same 
animal may exh ib i t mult iple act iv i t ies Indicating more than one 
type of lectins (8-10), Studies on hepatic lect ins, carr ied out 
thus far , are pr imar i l y confined to rabb i t , r a t , and human l i ve rs 
( 1 , 2) and probable occurrence of lectins In other mammalian l i ve rs 
(2) 
and the i r molecular and functional propert ies are yet to be 
invest igated. We, therefore, report our results on the Isolation 
and characterization of three uninvestigated hepatic lectins i .e . 
goat, sheep, and buffalo l i ve r lect ins. S t r i k ing ly goat and buffalo 
hepatic lectins were found to be signi f icant ly d i f ferent In molecular 
morphology from those h i ther to described hepatic lec t ins . 
Materials and Methods 
Proteins, enzymes, Sepharose AB, acry lamlde, 2-mercaptoethanol, 
phenylmethylsulfonyl f luor ide and saccharides were purchased from 
Sigma Chemical Co. St. Louis Mo. U.S.A. Other reagents used 
were of analyt ical grade. Protein concentration was measured by 
modif ied Lowry 's method (5 ) . Neutral hexose and s ia l ic acid 
contents of lectins were determined by the methods of Dubois 
et a l . , (11) and Warren (12), respect ively, using Sigma D(+) galactose 
and N-acetylneuramlnIc acid as standards. SDS-PAGE was carr ied out 
according to Laemmli (13) . 
Preparation of a f f in i ty media; 
Sepharose 4B gel s lur ry (60 ml) activated wi th 18 g of sol id 
cyanogen bromide according to cuatrecasas and Anfinsen (1A) was treated 
wi th fetuin (130 mg) in the coupling buffer (0.2 M sodium carbonate buffer 
pH 9.2 containing 0.15 M NaCl) and the bound fetuin was deslalylated 
wi th 0.7 mg neuraminidase in 0.1 M sodium acetate buffer pH 5.6 at 37*'C 
for A hours. From the amount of s ia l ic acid l iberated. I t was estimated 
that about 1.3 mg of fetuin bound per ml settled ge l . 
(3) 
Measurement of lectin a c t i v i t y : 
The lectin ac t i v i t y was assayed by measuring the interaction of 
lectin wi th ASF-gel s l u r r y . Lectin (130 fjQ In 1 ml) was Incubated wi th 
1 ml gel s lurry in 10 mM t r is -HCl buffer pH 7.5 containing 0.5% t r i ton 
X-100, 0.5 M NaCl, 20 mM CaCl and ^% 8SA for one hour at 4°C and 
the bound protein was eluted wi th 50 mM ammonium acetate buffer pH 
5.1 containing 0.5 M NaCl and 0.5% t r i ton X-100. 
Isolation of membrane lec t ins : 
Acetone powder obtained from fresh l i ve r homogenate prepared 
in 10 mM trls-HCl buffer pH 7.5 containing 0.15 M NaCl, was solubllized 
in 10 mM tris-HCI buffer pH 7.5 containing 0.5 M NaCl, O.A M KCl, 60 
mM CaCl,, 1% triton X-100 and 0.2 mM PMSF. The supernatant (A50 ml 
containing 1 g of protein) was loaded on the affinity column equi l ibrated 
w i th the same buffer. The bound protein was eluted wi th 50 mM ammonium 
acetate buffer pM 5.1 containing 0.5 M NaCl and 0.5% t r i ton X-100. The 
protein fractions showing lactose inh ib l tab le binding to ASF-Sepharose 
were rechromatographed on the af f in i ty column. 
Results and Discussion: 
About 1 mg puri f ied lectin was obtained from 25 g acetone powder 
of goat, sheep, and buffalo l i v e r by chromatography on aslalofetuin 
Sepharose AB column (see F ig .1 ) . The elution prof i les for sheep and 
buffalo lectins were similar and hence omitted for b rev i t y . Similar y ie ld 
was reported for hepatic lectins from human (4) and rat l i ver (15). 
The three pur i f ied lectins were essential ly free from extraneous protelnsff t^^ 
moved as a single protein band in SDS-PAGE (see inset of F ig .2) . The 
40 80 
Elution volume (ml) 
F t g . l : Isolation of goat hepatic lectin by chromatography on aslalofetuln 
Sepharose 4B column. One gram protein In 450 ml of 10 mM 
tr ls -HCl buffer pH 7.S containing 0.5 M NaCl, 0.4 M KCl, 60 mM 
CaCl j , I t trlton X-100 and 0.2 mM PMSF was applied on ASF-
Sepharose 48 column (2.5 x 12 cm) equilibrated with the same 
buffer and the t>ound protein was eluted with 50 mM ammonium 
acetate buffer pH 5.1 containing 0.5 M NaCl and 0.5S trlton X-100 
In 5 ml fractions at a flow rate of 7 ml per hour. The protein 
fractions were pooled and the pH was raised to 7.5 with ) M 
t r is solution. After adding 60 mM CaCl , , the protein solution 
showing lactose tnhibltable binding to ASF-Sepharose were 
rechromatographed on the affinity column equilibrated with 10 
mM tr ls-HCl buffer pH 7.5 containing 0.5 M NaCl, 0.5$ trlton X-100 
and 60 mM CaCi. The Inset shows the elution profile obtained 
go rechromatcgraphy of hepatic lectin on the same column. 
re la t ive mobi l i t ies of sheep, goat, and buffalo lectins were 0.A2, 0.33, 
and 0.34, respect ively, which according to the cal ibrat ion curve, depicted 
In F ig .2, would correspond to M of A2, 5A, and 50 kDa (see Table I ) . 
These values remained unaltered In the presence of 0.2 M 2-mercapto-
ethanol, suggesting absence of Interpolypept lde cross- l inks In SDS 
denatured lect ins. The experimental uncertainty In the measurement of 
molecular weight by SDS-PAGE was w i th in ^0%. Thus^M^ of sheep lectin 
is signif icant ly lower than those found for goat and buffalo lect ins. 
<^y 
Fl^ .2: Plot of R values of market proteins versus logarithm of molecular 
weight. The marker proteins were, 1 . bovine serum allMimln (mol, 
wt . 68 kDa) , 2. heavy chain of IgG (mol.wt. SO kOa), 3. 
Ovalbumin (mol.wt. *3 kOa), 4. pepsin (mol.wt. 35 kOa), S. 
chymotrypsinogen (mol.wt. 25.5 kOa), 6. light chain of IgG (mol. 
wt . 11.7 kDa) . Inset shows electrophoretograms of hepatic 
membrane lectins of sheep ( A , A ' ) , goat (B ,B ' ) and buffalo ( C . C ' ) i 
respectively, under reducing (primed letter) and nooreduclng 
(unprlmed letter) conditions. Thirty micrograms each of the three 
lectins were electrophoresed In 25 mM trIs-192 mM glycine tnjffer 
pH 8.3 containing O . l t SDS for about 3 hours. The slab gel was 
•stained with \% coomassle bril l iant blue R-250 and destalned 
mechanically with 7% acetic acid. 
TABLE - I 
Properties of Mammalian Hepatic Membrane Lectins 
1 . Neutral hexose, 
moles/mole of protein 
2. Sialic acid, 
moles/mole of protein 
3. Molecular weight 
under non-reducing 
conditions 
4. Molecular weight 
in 0.2 M 2-morcaplo-
othanol 









The slaloglycoprotein nature of the three lect ins was studied by 
measuring neutral hexose and sial ic acid contents of hepatic lectins and 
the results are summarized In Table I . The carbohydrate (hexose and 
s ia l ic acid) contents of goat and buffalo lectins are markedly higher 
than those of sheep lec t in . 
The carbohydrate birxling speci f ic i ty of sheep, goat and buffalo 
hepatic lectins was studied by ascertaining the capacity of simple sugars 
to Inh ib i t binding of the lectins to ASF-gel. As can be seen In Table I I 
the three lectins appear to be galactose speci f ic . 
TABLE - ttt Effect of slmola sugars on the binding of 
mammalian hepatic membrane lectins to 
ASF-Sepharose ge l . 
SUGAR Relative Inhltaltory act iv i ty* 








D( + ) 
0 ( t ) 





















•Relative Inhibitory act iv i ty Is the ratio of C^ ^ for lactose 
to the C^, for teat sugar where C^ Is the concentration 
of the sugar required for 50% Inhibition of the binding 
of lectin to ASF-gel. The values of C^. for lactose were 
12, IS and 15 mM for sheep, goat and buffalo lectins, 
respectively. 
FrofTi the results presented in Tables I and I I , I t Is clear that 
althcxjgh the three mammalian hepatic lectins are ident ica l , w i th in 
experimental er ror , In carbohydrate binding spec i f i c i t y , the goat and 
buffalo lectins are markedly di f ferent from sheep lectin in physico-
chemical propert ies. Interest ingly, sheep lect in Is s imi lar to human 
(4) and to major rat (6) l i ve r lectins In molecular weight and In carbo-
hydrate binding propert ies. Furthermore, carbohydrate content (21,A 
moles) of human lectin Is s imi lar to that (23.9 moles, . see Table I) 
determined for sheep lectin in th is study. 
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ISOLATION AND CHARACTERIZATION OF SOLUBLE B-GALACTOSIDE BINDING 
LECTINS FROM MAMMALIAN LIVER. 
Najma A l i and A . Salahuddin 
I n t e r d i s c i p l i n a r y Biotechnology Un i t , A l i g a r h Musl im U n i v e r s i t y , 
A l igarh -202002, INDIA 
Key w o r d s : 6 -ga lac tos ide b ind ing l e c t i n s , hepat ic l e c t i n s , charac-
t e r i z a t i o n 
Soluble p -ga lac tos ide b ind ing l e c t i n s were i so la ted by ch romato - . 
g raphy on as ia lo fe tu in -Sepharose AB column in 10 mM t r i s - H C L bu f fe r 
pH 7.5 containing 150 mM NaCl , 5 mM CaCl_ and 1 mM 2-mercap to -
e t h a n o l . The t h r e e l ec t i ns moved essen t i a l l y as s ing le p o l y p e p t i d e 
band w i rh M of 18, 22 and 24 kDa, r e s p e c t i v e l y , f o r sheep, goat 
and bu f fa lo hepat ic l e c t i n s . Sheep and goat l ec t i ns each contained 
4 moles of hexose whereas t he hexose content of the bu f fa lo l ec t i n 
was 7 moles. The number of s u l f h y d r y l groups in sheep, goat and 
bu f fa lo l ec t i ns were de te rmined to be 3 . 2 , 4 .3 and 4 . 8 , r e s p e c t i v e l y . 
Op t i ca l p r o p e r t i e s of t h e t h ree l ec t i ns were s i m i l a r to those of 
t r y p t o p h a n contain ing p r o t e i n s . Lec t i n mediated hemagglut inat ion 
of t r y p s i n i z e d r a b b i t e r y t h r o c y t e s was most e f f e c t i v e l y i n h i b i t e d 
by lactose f o l l owed by 0 - n i t r o p h e n y l - B - g a l a c t o p y r a n o s i d e and ga lac -
tose but remained unaffected by g lucose, mannose, fucose auid f r uc tose . 
Calcium ion subs tan t i a l l y enhanced t h e i r hemagg lu t i na t l ng a c t i v i t y . 
Goat a^ Cid buf fa lo l ec t i ns b u t „ n o t sheep l e c t i n s , were a lso s t imu la ted 
by Mg , Mn , Sr and Ni ions . The l ec t i ns los t a c t i v i t y a f t e r 
t reatment w i t h pa rahyd roxymercu r ibenzoa te and N -e thy l ma le im ide . 
However , iodoacetamide t he th ree l ec t i ns a re d i f f e r e n t f rom the 
so lub le B-galactoside b ind ing lec t ins s tud ied thus f a r . 
Ver tebra te t issues conta in so lub le l e c t i n s tha t can be iso la ted 
by a f f i n i t y chromatography on as la lo fe tu ln (ASF) - or lac tosy l -SepharosG-AB 
column ( 1 , 2 ) . They a re s o l u b i l i z e d f rom t issues w i t h aqueous bu f fe r 
and are p-ga lac tos ide s p e c i f i c ( 1 , 3 ) . The major B-ga lac tos ide b ind ing 
l ec t i n occur r ing in v e r t e b r a t e t issues is a d i m e r w i t h subuni t M of about 
r 
14 kOa and requ i r es t h i o l but not d i v a l e n t meta l ions f o r I t s hemagglu-
t i na t l ng a c t i v i t y ( 1 ) . The d i m e r i c l e c t i n s , f rom as d i s t i n c t spec ies as 
t h e e l e c t r i c e e l , • the c h i c k e n , rat and humans possess s i m i l a r p r o p e r t i e s 
and e x h i b i t cons ide rab le sequence homology e s p e c i a l l y in the pu ta t i ve 
sacchar ide b ind ing s i t e reg ion compr i s i ng res idues 70-76 w h i c h , among 
V ••i.T-^, inc ludu one T r p , ono Arg and two Glu res idues ( 4 , 5 ) . 
-.2; 
Besides 14 kOa lec t in , other p-gaiactoside binding lectins have 
been found in mammalian tissues especial ly human (HL) and rat (RL) 
lungs (1 ,2 ,6 ,7 ) . These Include prominent monomeric lect ins (2,7) w i th 
molecular weight of 29 kDa, 18 kDa ( in rat lung) and 22 kDa ( in human 
lung). Sparr.ow et a l . , (2) have shown that HL-29 and RL-29 as wel l 
as HL-22 and RL-18 d i f f e r s igni f icant ly In carbohydrate binding spec i f ic i ty 
or immunological r eac t i v i t y . Fur ther , a f f in i ty pur i f i ed HL-1A and HL-29 
could be resolved into at least 5-6 acidic forms (2 ) . Thus avai lable 
data (1-3) show that mult ip le forms of B-galactoside binding lect ins may 
occur in mammalian tissues. I t would be interesting to f ind out the i r 
tissues and species spec i f i c i t y . Thus far studies have been focused 
pr imar i l y on the soluble lectins from lung tissues and very l i t t l e 
information exists on such lectins from other mammalian t issues. 
This paper describes, for the f i r s t t ime, isolat ion and charac ter i -
zation of soluble hepatic j3-galactoslde binding lect ins from sheep, goat 
and buffalo. Our results show that these soluble lect ins d i f f e r s i g n i f i -
cantly from hi ther to reported D-galactoside binding lect ins from mammalian 
tissues. 
Materials and Methods. 
Proteins, sugar substrates, phenylmethy lsu l fony l - f luor ide (PMSF), 
parachloromercuribenzoate (which on solubi l izat ion w i th d i lu te a l ka l i 
is converted into i ts hydroxy form, i . e . parahydroxymercuribenzoate 
(pHMB)); t r yps in type I I ( lot No. T-8128), neuraminidase type V (lot 
No, 96C-8125), N-ethylmaleimlde (NEM), Sepharose-4B were purchased 
from Sigma Chemical Company, St. Louis, Mo. U.S.A. One hundred 
.-nicrogram of t ryps in when incubated wi th 10 mg casein in 2 ml of 10 
mM sodium phosphate buffer pH 7.5 for 30 min at 37°C produced a change 
in absorbance (due to hydro lys is ) at 700 nm of 0.52 opt ica l density unit 
so that the specif ic ac t i v i t y of the enzyme was 10.4 O.D uni t /hour /mg; 
the hydrolysed products were measured by the method of Lowry et a l . , 
(8) . One mi l l igram of neuraminidase caused release of 2.25 micromoles 
of s ia l ic acid from 1 mg of fetuin in 100 mM sodium acetate buffer pH 
5.6 in one hour and at 37°C, Reagents used in sodium dodecyl sulphate 
polyacrylamide slab gel electrophoresis (SDS-PAGE) were the same as 
reported ear l ie r ( 9 ) . Other chemicals were* of reagent grade and were 
used without fur ther pur i f i ca t ion . Alpha forms of lactose and galactose 
were converted into the i r B-anomers as recommended by Hudson and 
Yonovsky (10). Trypsinized rabbi t ery throcytes were obtained by treating 
cel ls w i th t r yps in (10 mg per ml packed cel ls) for 10 min. at 37°C. 
Cells were washed ten times by suspending them in 150 mM NaCl and 
pel let ing down by centrifugation at 3000 rpm for 5 min at a f i e ld of 
700 RCF. Pelleted cel ls were then suspended in 2 ml of PBS pH 7.5 
(10 mM sodium phosphate buffer pH 7.5 containing 150 mM NaCl). Fresh 
animal l i ve r was obtained from Al lgarh slaughter house. 
Light absorption measurements In the u l t ra -v io le t region were made 
on Cecil UV Beam Spectrophotometer model CE 202 in conjunction w i th 
a recorder. Fluorescence measurements were mad.e on Shimadzu spectro-
fluorometer model R 450 using a s l i t of 10 nm. 
Protein concentration was determined e i ther by the method of lowry 
et a l . , (8) or by Bradford 's method (11). Occasionally protein concentra-
tion was estimated spectrophotometrical ly by measuring opt ica l densit ies 
at 250 nm (A^gg) and 280 nm ( A 2 Q Q ) . The protein concentration in mg/ml 
was (1.55 X A2QQ-O.77 X A ) . The hexose contents of the three lect ins 
were determined according to Dubois et a l . , (12) . SDS-PAGE was carr ied 
out in 12.5% gel as recommended by Laemmli (13) . In order to prepare 
ASF-Sepharose, 60 mi of Sepharose-AB was activated according to 
Cuatrucasns and Anfinson (1A) by addit ion of 20 g of sol id cyanogen 
DroniJe, the pH was rndintdincd to 10 w i th A M NaOH. The activated 
:A! 
gel slurry was then treated wi th 120 mg of fetuin in the coupling buffer 
{200 mM sodium carbonate buffer pH 9 .2 containing 150 mM NaCl ) . After 
washing the fetuin-Sepharose-gel , the bound fetuin was desia ly lated wi th 
0.7 mg of neuraminidase in 100 mM sodium acetate buffer pH 5 .6 at 37°C 
for A hou rs . 
Determinat ion of hemagglutinating a c t i v i t y . 
. Hemagglut inat ing ac t iv i ty of hepa t i c lect in wi th t r y p s i n i z e d 
e r y t h r o c y t e s was measured by l i g h t s c a t t e r i n g method at 610 nm. About 
150-250 ug of a lectin in 2 ml of 10 mM t r i s - H C l buffer pH 7.5 containing 
150 mM NaCl, 5 mM CaCl_ and 1 mM 2-mercaptoethanol (assay buffer) 
was incubated wi th 3 ml of t ryps in ized erythrocytes (1x10 ce l ls ) 
suspension In PBS pH 7.5 for 15 min. The clump thus formed was 
vigorously shaken in a tube and I ts absorbance at 610 nm was recorded 
wi th t ime; absorbance decreased vyith t ime. The absorbance at 5 min 
was routinely taken to measure the extent of hemagglutination react ion. 
A similar procedure was used in th is laboratory to follow antigen-antibody 
prec ip i t in reaction ( 1 5 ) . The percent hemagglutinating ac t iv i ty of lect in 
was ( A - A ' ) / A X 100, where A and A' were the optical densities at 610 
nm in the absence and presence of a l ec t in . 
Isolation of soluble hepatic lect ins. 
Acetone powder of l i v e r (25 g) p r e p a r e d f rom 100 g of f r e s h l i v e r 
of sheep, goat and bu f fa lo accord ing to Hudgin et a l . , ( 1 6 ) was solubi l ized 
in aqueous assay buffer pH 7.5 (see above) containing 0.2 mM PMSF. 
The extract was fractionated on asialofetuin-Sepharose-4B column (2 .5x12 
cm) equi l ibrated wi th the assay buffer without PMSF. The bound protein 
was specif ical ly eluted wi th 0.5 M lactose. The f inal y ie ld of soluble 
B-galactos ide b ind ing hepa t i c l e c t i n s was found to be in the range 2-3 
mg from TOO g of f reSh l i v e r of the t h ree spec ies . The l ec t i n was 
rechromatographed on the a f f i n i t y co 
s t u d y . 
lumn and was used throughout t h i s 
Results and Discussion. 
About 2-3 mg of soluble lectin was obtained from 100 g of sheep, 
goat and buffalo l i ve rs by af f in i ty chromatography on ASF-Sepharose-AB 
column equi l ibrated wi th 10 mM t r l s -HCl buffer pH 7.5 containing, among 
o t h e r s , 5 mM CaCl- and 1 mM 2 -mercap toe thano l . The bound lec t ins 
were speci f ical ly eluted w i t h 0 .5 M l a c t o s e . The e lu ted so lub le lec t ins 
were completely bound to the a f f in i ty column; t h e i r size homogeneity 
was tested by SDS-PAGE. The electrophoretogram of goat lectin is given 
in F i g . 1 ; the SDS-PAGE patterns of sheep and buffalo lectins were similar 
although the re lat ive mobi l i t ies were d i f f e r e n t . Results showed that 
the goat as wel l as the other two lectins were essential ly homogeneous 
wi th respect to s ize . The values of re la t i ve mob i l i t i es , R , of goat, 
sheep and buffalo lectins were found to be 0 .6A, 0.71 and 0 .63 , 
TADLE - I 
PHOPERTIES OF MAMMALIAN LlVliR IJ-CALACTOSIUt: 
BINDING LECTINS 
OL fe 
IS-PACE of goat hepat ic ()-galaclosIde b inding l e c t i n . Lect in 
i electrophoresed in 25 mM trIs-192 mM glycine bu f fe r pH 
g 0.^% SOS with o r w i thout (a & b) 0.2 M 2-mercaptoethanol 
I gel ( 13 ) . 
P r o p e r t y Sheep Goat Buffalo 
Molecu lar w e i g h t , M kDa 
Neutra l h e x o s e c o n t e n t s , 
m o l e s / m o l e of p r o t e i n 
A b s o r p t i o n maximum i n 
10 mM tr i s -HCl b u f f e r pH 7 .5 
c o n t a i n i n g O.IS M NaCl and 
1 mM 2-mercaptoe th?Lr \o l , nm 
E m i s s i o n maximum i n 10 mM 
tr i s -HCl buf fer pH 7 .S 
c o n t a i n i n g 0 .15 M NaCl and 





: 6 : 
respectively which when compared w i th the R values of marker proteins 
m '^  
gave M^ values of 18, 22 and 24 kDa, respect ive ly , for sheep, goat and 
buffalo lect ins (see Table I ) . The marker proteins wi th t he i r molecular 
weights in parentheses were; bovine serum albumin .(68 kDa), heavy chain 
of goat IgG (50 kDa), ovalbumin (A3 kOa), pepsin (35 kDa), chymo-
trypsinogen A (25.5 kDa), l igh t chain of goat IgG (25 kDa) and cytochrome 
c (11.7 kDa). A plot of log M versus R was found to be l inear w i th 
m 
slope and intercept of 1.27 and 5.15, respect ive ly . The experimental 
uncertainty w i th which M could be measured by SDS-PAGE was w i th in 
10^. As we sha l l see below the three lect ins are glycoproteins and 
hence our molecular weight estimate by SDS-PAGE should be treated w i th 
caution (17) . C lear ly , goat and buffalo B-galactoside binding lect ins 
possess di f ferent M from that of the major 1A kDa lect in extensively 
studied in ver tebrate tissues (1 -3) . 
Neutral hexose contents of sheep and goat lect ins were Ident ical 
and were substant ial ly lower than that estimated for buffalo lect in (see 
Table I ) . The three lectins absorbed maximally in the u l t rav io le t region 
near 276 and 278 nm in 10 mM t r is -HCl buffer pH 7.5. In the same buffer 
the emission maximum of sheep, goat and buffalo lect ins were found at 
339 nm and 338 nm, respect ive ly , indicat ing that the three lect ins 
contained tryptophan residue(s) . 
The effect of eleven saccharides on lect in mediated agglutination of 
t rypsinlzed rabb i t erythrocytes (1x10 cel ls) was investigated in 10 mM 
tr is-HCl buffer pH 7.5 containing 150 mM NaCl, 5 mM CaCl- and 1 mM 
2-mercaptoethanol. Increasing concentration of speci f ic saccharide caused 
substantial decrease In hemagglutination. A curve was drawn between 
the extent of hemagglutination and the concentration of a speci f ic sugar. 
The saccharide concentration (C^^) corresponding to the middle point of 
the curve where the hemagglutination reaction was reduced to rialf, was 
:7: 
determined for a l l of the eleven sugars used in this study. The results 
are summarized in Table I I where It can be seen that glucose, mannose, 
fucose and fructose had virtually no specific effect on the lectin mediated 
hemagglutination. Further, the two anomeric forms of lactose as well 
as galactose were indist inguishable within experimental error In the i r 
TAOLE - I I 
EFFECT OF SACCHARIDES ON HEMAGGLUTINATING ACTIVITY OF MAMMALIAN 
LIVER p-GALACTOSlOE BINDING LECTINS. 
S.No. 
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•The r e l a t i v e I nh ib i t o r y a c t i v i t y was obtained by d i v i d i n g C for lactose 
by C j . f o r the test sugar as descr ibed e a r l i e r ( 2 ) . The values of C 
fo r lactose were 0 .7 , 1 . 1 , and 0.9 mM fo r sheep, goat and buf fa lo 
lect ins^ r e s p e c t i v e l y . 
inhibitory potential. However, lactose was more potent inhibitor than 
galactose. As mutarotation of the two anomeric forms is possible, we 
have studied the Inhibitory effect of methyl-oc-galactopyranoslde and 
methyl-p-galactopyranoside. Clearly, p- form of the saccharide Is more 
effect ive inh ib i to r than i ts oc-form. S t r i k i ng l y , substi tut ion of h y d r o x y l 
hydorgen aton at C-1 posit ion in galactose by n i t rophenyl group had 
: 8 : 
marked inh ib i to ry effect on the hemagglutination. Lactose and 
0-nitrophenyl-B-D-galactopyranoside had comparable inh ib i to ry effects 
on the hemagglutinating ac t i v i t y of goat lect in but the two sugars d i f fered 
s igni f icant ly in the i r i nh ib i to ry effects on the ac t i v i t y of sheep lec t in ; 
sheep lect in evident ly prefers lactose. The fact that nitrophenylated 
galactose is far more ef fect ive Inh ib i to r than galactose or methy l -B-D-
galactopyranoside, suggests the par t ic ipat ion of hydrophobic interaction 
in saccharide binding by hepatic soluble lec t ins . Here i t is instruct ive 
to recal l ear l ie r p lausible speculation about the carbohydrate binding 
s i te in B-galactoside binding lect ins (A,5). In chicken, eel and human 
B-galactoside binding lec t ins , residues from 70-76 have been assigned 
as part of B-galactoside binding s i te ( 4 ) . This par t icu lar segment 
contains, among others, a t ryptophan residue. The observation that the 
three soluble hepatic lect ins possess higher a f f i n i t y for lactose than 
galactose, suggest that the carbohydrate binding s i te in the three lect ins 
is extended one which presumably remains unf i l led completely by small 
and specif ic monosaccharide. 
Cofactor requirements. 
Vertebrate soluble B-galactoside binding lect ins , unl ike membrane 
2+ 
lect ins, do not require metal ion such as Ca for t he i r carbohydrate 
binding ac t i v i t y (1 ,3 ) . In contrast to major soluble p-galactoside speci f ic 
lectins from vertebrate t issues, the three soluble hepatic lectins described 
here were found to show hemagglutinating a c t i v i t y against t ryps in ized 
2+ 
rabb i t red blood cel ls only in the presence of Ca . No detectable 
ac t i v i t y was observed in t r i s -HCl buffer pH 7.5 containing NaCl and 
2+ 2-mercaptoethanol but no Ca . I t should be pointed out that the effect 
Of metal Ions on the ac t i v i t y of sheep, goat and buffalo l i ve r lect ins 
was studied w i th lect in preparat ion freed from metal ion by extensive 
d ia lys is against the buffer containing 10 mM EDTA, 
:9; 
2+ The effect of Increasing concentration of Ca on hemagglutinating 
ac t iv i ty of goat l i ve r lect in is depicted in F ig .2 , where i t can be seen 
that the metal ion concentration corresponding to the middle point of 
the curve ( i . e C,J is 20 mM; the maximum attainable ac t i v i t y was about 
87% (see F ig .2 ) . Simi lar curves were obtained for other metal ions e .g . 
Mg , Mn , Sr and Ni . The values of C^ and maximum attainable 
ac t i v i t y (given in parentheses) are l i s ted in Table I I I . S t r i k i ng l y , the 
hemagglutinating ac t i v i t y of sheep l i v e r lect in was stimulated only by 
Ca ^, the remaining four metal ions had no effect on the lect in a c t i v i t y . 
Another notable observation is that sheep lect in showed absolute 
requirements of t h i o l for i ts ac t i v i t y whereas the other two mammalian 
soluble lectins were act ive even In the absence of 2-mercaptoethanol. 
In fact , the la t ter was omitted in a l l of the experiments which were 
2+ performed to investigate the effect of metal ions (excluding Ca ) on 
the ac t i v i t y of goat and buffalo lect ins (see Table I I I ) . Regardless of 
TABLE - III 
METAL ION STIMULATION OF HEMAGGLUTINATING ACTIVITY 
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Figure 2 . Stimulation of goat hepat ic p-galactoslde binding l ec t i n (250 
^g/ml) freed from metal Ion was determined by l igh t sca t te r lny method 
In the presence of Increasing concentration of CaCl. (2-40 mM) In in 
mM trls-HCl buffer pH 7.5 containing 150 mM NaCl and 1 mM 2-mercapto-
ethanol. 
:10: 
metal ions, maximum hemagglutinating ac t i v i t y that could be obtained 
by increasing metal Ion concentration, l ies in the range 74-87 per cent 
for a l l the three lect ins (see Table I I I ) . 
Major soluble B-galactoslde binding mammalian lect ins requi re t h i o l 
but no metal ion for the i r carbohydrate binding ac t i v i t y (1-3, 5 ) . Of 
the three B-galactoside binding hepatic lect ins, only sheep lect in required 
2-mercaptoethanol for i t s hemagglutinating a c t i v i t y ; in addi t ion i t also 
2+ 
required Ca (see Table I I I ) . Therefore, our results show that the 
three soluble B-galactoside binding hepatic lect ins d i f f e r s ign i f icant ly 
in cofactor requirements from the known major mammalian B-galactosIde 
speci f ic lect ins (1 -7 ) . The effect of t h i o l blocking reagents on hem-
agglutinating ac t i v i t y of the sheep, goat and buffalo lect ins was studied 
by measuring the t ime course of inactivat ion by 5 mM each of iodo-
AO 
Time (min) 
Hgure 3. Effect of thiol b lock ing reagents on hemagglutinating a c t i v i t y 
ui sheep hepatic p-gaiactoslde b inding lectin. Lectin (250 /<g/ml) was 
.nc jbated with 5 mM of pHMD ( O ) , NEM ( O ) and iodoacetamlde {/^) 
' o r d i f fe ren t time Intervals as Indicated and the res idua l hemagglutinating 
i r .M^ l t y was measured by l i gh t scat ter ing method. 
:ir. 
acetamide, NEM and pHMB. As can be seen in F ig . 3, iodoacetamide 
had no detectable effect on goat lect in ac t i v i t y upto 60 min but the other 
two -reagents caused substantial inact ivat ion; inact ivat lon w i th pHMB was 
rather r a p i d . Results obtained w i th goat and buffalo lect ins were s imi lar 
and therefore omit ted. As pHMB Is substant ia l ly more hydrophobic than 
NEM, the rather rapid inactivation of lect ins by pHMB appears to suggest 
that one (or more) functionally relevant t h io l group in the lect in is 
par t ia l l y shielded from the solvent so that i t is not read i ly accessible 
to NEM but can react wi th more hydrophobic pHMB. Our observations 
are In agreement wi th those of Hirabayashi et a l . , ( 1 8 ) who reported 
inact ivat ion of B-galactoside binding lect in from human placenta by NEM 
and pHMB. Cur iously, two cysteine residues out of the s ix In the dimeric 
rat lung lect in react rap id ly w i th iodoactamide and the modif ied lect in 
showed s igni f icant ly higher ac t i v i t y (5, 19). Reaction w i t h iodoacetate 
was slow but i t resulted in the loss of lect in ac t i v i t y ( 5 ) . The loss 
of lect in ac t i v i t y has been at t r ibuted to a possible conformational change 
that occurred during modification of cysteine residues ( 5 ) . The loss 
of ac t i v i t y does not appear to be d i rec t l y due to the modif icat ion of 
functionaly important cysteine residues in the carbohydrate binding s i te 
•but due to conformational change accompanied by reaction of cysteine 
residues w i th the reagent (19). The B-galactoside binding lect ins from 
sheep, goat and buffalo were found to be d i f ferent from dimer ic rat lung 
lectins (5 ,19) , because the ac t i v i t y of the three lect ins were not 
stimulated by iodoacetamide. 
The th io l group in goat lect in was t i t ra ted against Increasing 
_3 
concentration of pHMB (1.8 - 18x10 mM) in 10 mM t r i s -HCl buffer pH 
7.0. The results are graphical ly shown in F ig. 4 where the inf lect ion 




Figure 4. Titration of thiol group of goat hepatic B-galactoslde binding 
l e c t i n . Following Neuman et a l . , ( 20 ) , l ec t in (1 .8 oM) was Incubated 
o i t n increasing concentration of pHMO in 10 mM t r ls-HCl txjffer pH 7.0 
fo- A hours In the dark and Increase In absorbaoce at 250 nm was 
recorded . 
presence of 4.3 free su l fhydru l groups in the lec t in . Similar pHMB 
t i t ra t ion w i th the sheep and buffalo lect ins indicated the presence of 
3.2 and A.8 free s u l f h y d r y l groups, respect ive ly , in sheep and buffalo 
lect ins. 
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